DRAFT
TOXICOLOGICAL PROFILE FOR
DICHLOROBENZENES

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service
Agency for Toxic Substances and Disease Registry

September 2004



DICHLOROBENZENES

DISCLAIMER

The use of company or product name(s) is for identification only and does not imply endorsement by the
Agency for Toxic Substances and Disease Registry.

**DRAFT FOR PUBLIC COMMENT***



DICHLOROBENZENES iii

UPDATE STATEMENT

A Toxicological Profile for 1,4-Dichlorobenzene was released in 1998. This edition supersedes any
previously released draft or final profile.

Toxicological profiles are revised and republished as necessary. For information regarding the update
status of previously released profiles, contact ATSDR at:

Agency for Toxic Substances and Disease Registry
Division of Toxicology/Toxicology Information Branch
1600 Clifton Road NE
Mailstop F-32
Atlanta, Georgia 30333
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FOREWORD

This toxicological profile is prepared in accordance with guidelines developed by the Agency for
Toxic Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA). The
original guidelines were published in the Federal Register on April 17, 1987. Each proﬁlc will be revised
and republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects
information for the hazardous substance described therein. Each peer-reviewed profile identifies and
reviews the key literature that describes a hazardous substance's toxicologic properties. Other pertinent
literature is also presented, but is described in less detail than the key studies. The profile is not intended
to be an exhaustive document; however, more comprehensive sources of specialty information are
referenced.

The focus of the profiles is on health and toxicologic information; therefore, each toxicological
profile begins with a public health statement that describes, in nontechnical language, a substance's
relevant toxicological properties. Following the public health statement is information concerning levels of
significant human exposure and, where known, significant health effects. The adequacy of information to
determine a substance's health effects is described in a health effects summary. Data needs that are of
significance to protection of public health are identified by ATSDR and EPA.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a hazardous substance to ascertain the levels of significant human
exposure for the substance and the associated acute, subacute, and chronic health effects;

(B) A determination of whether adequate information on the health effects of each substance is
available or in the process of development to determine levels of exposure that present a
significant risk to human health of acute, subacute, and chronic health effects; and

(C) Where appropriate, identification of toxicologic testing needed to identify the types or levels of
exposure that may present significant risk of adverse health effects in humans.

The principal audiences for the toxicological profiles are health professionals at the Federal, State,
and local levels; interested private sector organizations and groups; and members of the public. We plan to
revise these documents in response to public comments and as additional data become available.
Therefore, we encourage comments that will make the toxicological profile series of the greatest use.

Comments should be sent to:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road, N.E.

Mail Stop F-32

Atlanta, Georgia 30333
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The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund). This public
law directed ATSDR to prepare toxicological profiles for hazardous substances most commonly found at
facilities on the CERCLA National Priorities List and that pose the most significant potential threat to
human health, as determined by ATSDR and the EPA. The availability of the revised priority list of 275
hazardous substances was announced in the Federal Register on November 7, 2003 (68 FR 63098). For
prior versions of the list of substances, see Federal Register notices dated April 17, 1987 (52 FR 12866);
October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619); October 17, 1990 (55 FR 42067);
October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801); February 28, 1994 (59 FR 9486);
April 29, 1996 (61 FR 18744); November 17, 1997 (62 FR 61332); October 21, 1999 (64 FR 56792) and
October 25, 2001 (66 FR 54014) . Section 104(i)(3) of CERCLA, as amended, directs the Administrator
of ATSDR to prepare a toxicological profile for each substance on the list.

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has
been peer-reviewed. Staff of the Centers for Disease Control and Prevention and other Federal scientists
have also reviewed the profile. In addition, this profile has been peer-reviewed by a nongovernmental
panel and is being made available for public review. Final responsibility for the contents and views
expressed in this toxicological profile resides with ATSDR.

w (2& A
Julie Louise Gerberding, M.P.H.
Administrato

Agency for Toxic Substances and
Disease Registry
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous
substance. Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation
of available toxicologic and epidemiologic information on a substance. Health care providers treating
patients potentially exposed to hazardous substances will find the following information helpful for fast
answers to often-asked questions.

Primary Chapters/Sections of Interest

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating
patients about possible exposure to a hazardous substance. It explains a substance’s relevant
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of
the general health effects observed following exposure.

Chapter 2: Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets,
and assesses the significance of toxicity data to human health.

Chapter 3: Health Effects: Specific health effects of a given hazardous compound are reported by type
of health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length
of exposure (acute, intermediate, and chronic). In addition, both human and animal studies are
reported in this section.

NOTE: Not all health effects reported in this section are necessarily observed in the clinical
setting. Please refer to the Public Health Statement to identify general health effects observed
following exposure.

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health
issues:
Section 1.6 How Can (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 3.7 Children’s Susceptibility
Section 6.6 Exposures of Children

Other Sections of Interest:
Section 3.8 Biomarkers of Exposure and Effect
Section 3.11  Methods for Reducing Toxic Effects

ATSDR Information Center
Phone: 1-888-42-ATSDR or (404) 498-0110  Fax: (770) 488-4178
E-mail: atsdric@cdc.gov Internet; http://www.atsdr.cdc.gov

The following additional material can be ordered through the ATSDR Information Center:

Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an
exposure history and how to conduct one are described, and an example of a thorough exposure
history is provided. Other case studies of interest include Reproductive and Developmental
Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.
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Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials
incident. Volumes I and Il are planning guides to assist first responders and hospital emergency
department personnel in planning for incidents that involve hazardous materials. Volume 11—
Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care
professionals treating patients exposed to hazardous materials.

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances.

Other Agencies and Organizations

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease,
injury, and disability related to the interactions between people and their environment outside the
workplace. Contact: NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta,

GA 30341-3724 « Phone: 770-488-7000 « FAX: 770-488-7015.

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational
diseases and injuries, responds to requests for assistance by investigating problems of health and
safety in the workplace, recommends standards to the Occupational Safety and Health
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains
professionals in occupational safety and health. Contact: NIOSH, 200 Independence Avenue,
SW, Washington, DC 20201 « Phone: 800-356-4674 or NIOSH Technical Information Branch,
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998
* Phone: 800-35-NIOSH.

The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for
biomedical research on the effects of chemical, physical, and biologic environmental agents on
human health and well-being. Contact: NIEHS, PO Box 12233, 104 T.W. Alexander Drive,
Research Triangle Park, NC 27709 » Phone: 919-541-3212.

Referrals

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics
in the United States to provide expertise in occupational and environmental issues. Contact:
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 « Phone: 202-347-4976
* FAX: 202-347-4950 « e-mail: AOEC@AOEC.ORG « Web Page: http://www.aoec.org/.

The American College of Occupational and Environmental Medicine (ACOEM) is an association of
physicians and other health care providers specializing in the field of occupational and
environmental medicine. Contact: ACOEM, 55 West Seegers Road, Arlington Heights,

IL 60005 » Phone: 847-818-1800 « FAX: 847-818-9266.

**DRAFT FOR PUBLIC COMMENT***



DICHLOROBENZENES ix

CONTRIBUTORS
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THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:

1. Health Effects Review. The Health Effects Review Committee examines the health effects
chapter of each profile for consistency and accuracy in interpreting health effects and classifying
end points.

2. Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to

substance-specific Minimal Risk Levels (MRLS), reviews the health effects database of each
profile, and makes recommendations for derivation of MRLSs.

3. Data Needs Review. The Research Implementation Branch reviews data needs sections to assure
consistency across profiles and adherence to instructions in the Guidance.
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PEER REVIEW

A peer review panel was assembled for 1,2-, 1,3-, and 1,4-dichlorobenzenes. The panel consisted of the
following members:

1. Dr. Olen Brown, Emeritus Research Professor, University of Missouri, 527 North Cedar Lake
Drive West, Columbia, Missouri;

2. Dr. Robert Michaels, President, RAM TRAC Corporation, 3100 Rosendale Road, Schenectady,
New York;

3. Dr. Clint Skinner, President, Skinner Associates, 3985 Shooting Star Road, Creston, California;

4. Dr. Arthur Gregory, 1 Gregory Lane, Luray, Virginia;

5. Dr. James Withey, Environmental Health Centre, Ottawa, Ontario, Canada;

6. Dr. Norman Trieff, Department of Preventive Medicine and Community Health, University of

Texas Medical Branch, Galveston, Texas;
7. Dr. Judith Bellin, 1301 Delaware Avenue SW, Washington, DC;

8. Dr. Harihara Mehendale, Northeast Louisiana University, Department of Pharmacology; and
Toxicology, Monrole, Louisiana; and

9. Dr. John Mennear, 103 Eagle Court, Cary, North Carolina.

These experts collectively have knowledge of dichlorobenzenes’ physical and chemical properties,
toxicokinetics, key health end points, mechanisms of action, human and animal exposure, and
quantification of risk to humans. All reviewers were selected in conformity with the conditions for peer
review specified in Section 104(1)(13) of the Comprehensive Environmental Response, Compensation,
and Liability Act, as amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer
reviewers' comments and determined which comments will be included in the profile. A listing of the
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their
exclusion, exists as part of the administrative record for this compound. A list of databases reviewed and
a list of unpublished documents cited are also included in the administrative record.

The citation of the peer review panel should not be understood to imply its approval of the profile's final
content. The responsibility for the content of this profile lies with the ATSDR.
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DICHLOROBENZENES 1

1. PUBLIC HEALTH STATEMENT

This public health statement tells you about dichlorobenzenes (DCBs) and the effects of

exposure to them.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in
the nation. EPA then places these sites are on the National Priorities List (NPL) and targets them
for federal long-term cleanup activities. 1,2-DCB, 1,3-DCB, and 1,4-DCB have been identified
in at least 280, 176, and 331, respectively, of the 1,647 current or former NPL sites. Although
the total number of NPL sites evaluated for these substances is not known, the number of sites at
which DCBs are found could increase as more sites are evaluated. This information is important
because these sites may be sources of exposure, and exposure to these substances might harm
you.

When a substance is released either from a large area, such as an industrial plant, or from a
container, such as a drum or bottle, it enters the environment. Such a release does not always
lead to exposure. You can be exposed to a substance only when you contact it—by breathing,

eating, or drinking the substance or by skin contact.

Many factors will determine whether exposure to DCBs will harm you. These factors include
the dose (how much), the duration (how long), and the way you contact them. You also must
consider any other chemicals to which you are exposed and your age, sex, diet, family traits,

lifestyle, and state of health.

1.1 WHAT ARE DICHLOROBENZENES?

Each of the three types of DCBs (i.e., 1,2-DCB, 1,3-DCB, and 1,4-DCB) contains two chlorine
atoms connected to one benzene molecule. 1,2-DCB is a colorless to pale yellow liquid used to
make herbicides. 1,3-DCB is a colorless liquid used to make herbicides, insecticides, medicine,
and dyes. 1,4-DCB, the most important of the three chemicals, is a colorless to white solid. It
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smells like mothballs and it is one of two chemicals commonly used to make mothballs.
1,4-DCB also is used to make deodorant blocks used in garbage cans and restrooms, and to help
control odors in animal-holding facilities. 1,4-DCB has been used as an insecticide on fruit and
as an agent to control mold and mildew growth on tobacco seeds, leather, and some fabrics.

Recently, using 1,4-DCB to make resins has become very important.

When a package of 1,4-DCB is opened, it ‘sublimates’, that is, it slowly changes from a solid
into a vapor, and enters the atmosphere. The vapor acts as a deodorizer and insect killer. Most
of the 1,2-, 1,3-, and 1,4-DCB released into the environment is present as a vapor. DCBs can
burn, but they do not burn easily. Most people begin to smell 1,4-DCB when it is in the air at a

concentration of 0.18 parts per million (ppm) and 0.011 ppm in water.

DCBs do not occur naturally; chemical companies produce them to make products for home use
and other chemicals such as herbicides and plastics. More information about the properties and
uses of 1,2-, 1,3-, and 1,4-DCB is provided in Chapters 4 and 5.

1.2 WHAT HAPPENS TO DICHLOROBENZENES WHEN THEY ENTER THE
ENVIRONMENT?

Most of the 1,4-DCB enters the environment when it is used in mothballs and in toilet-deodorizer
blocks. Some 1,4-DCB is released to the air by factories that make or use it, and only a little is
released to soil and water. Very little 1,4-DCB enters the environment from hazardous waste
sites. Some 1,2- and 1,3-DCBs are released into the environment when used to make herbicides
and when people use products that contain these chemicals. Companies that make 1,4-DCB also
make unwanted amounts of 1,2-DCB during the process. 1,2-DCB is released to the

environment when companies dispose of these unwanted supplies.
Because DCBs do not dissolve easily in water, the small amounts that enter water quickly

evaporate into the air. If they are released to groundwater, they may be transported through the

ground to surface water. Sometimes, DCBs bind to soil and sediment. DCBs in soil usually are
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not easily broken down by soil organisms. Evidence suggests that plants and fish absorb DCBs.
1,4-DCB has been detected at concentrations of up to 470 parts per billion (ppb) in fish.

More information about DCBs in the environment is provided in Chapters 5 and 6.

1.3 HOW MIGHT | BE EXPOSED TO DICHLOROBENZENES?

Humans are exposed to 1,4-DCB mainly by breathing vapors from 1,4-DCB products used in the
home, such as mothballs and toilet-deodorizer blocks. Reported levels of 1,4-DCB in some
homes and public restrooms have ranged from 0.291 to 272 parts of 1,4-DCB per billion parts
(ppb) of air. 1,2- and 1,3-DCB are not found frequently in the air of homes and buildings
because, unlike 1,4-DCB, these chemicals are not used in household products. Outdoor levels of
1,4-DCB range from 0.01 to 1 ppb and are much lower than levels in homes and buildings.
Levels in the air around hazardous waste sites are low and range from 0.01 to 4.2 ppb. Outdoor
air levels generally range from 0.01 to 0.1 ppb for 1,2-DCB and from 0.001 to 0.1 ppb for
1,3-DCB.

DCBs have been found in samples of drinking water from surface water sources. 1,4-DCB was
found in 13% of surface water samples collected during a national survey. These samples
contained about 0.008-154 ppb of 1,4-DCB. DCBs also have been found in drinking water from
wells but at low concentrations. DCBs are found only infrequently in soil, but they have been

detected in soil around hazardous waste sites in the United States.

DCBs have been detected in beef, pork, chicken, eggs, baked goods, soft drinks, butter, peanut

butter, fruits, vegetables, and fish. However, the levels of DCBs in foods are generally low.

The average daily adult exposure of 1,4-DCB is about 35 micrograms (g), which comes mainly
from breathing 1,4-DCB vapors of released from products in homes and businesses. The average
daily adult respiratory exposure of the other DCBs is about 1.8 ug for 1,2-DCB and about 0.8 pug
for 1,3-DCB.
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Individuals can be occupationally exposed to DCBs in workplace air at much higher levels than
the general public is exposed. Levels measured in the air of factories that make or process
1,4-DCB products have ranged from 5.6 to 748 ppm of air. In addition, people who live or work
near industrial facilities or hazardous waste sites that have high DCBs levels may have greater
exposure to these compounds due to emissions from the facilities and waste sites. People who
work or live in buildings where air fresheners, toilet block deodorants, or moth balls containing
1,4-DCB are used also are expected to have a higher exposure to this compound, which could

occur from skin contact as well as by breathing.

More information on how you could be exposed to DCBs is given in Chapter 6.

1.4 HOW CAN DICHLOROBENZENES ENTER AND LEAVE MY BODY?

The main way DCBs enter your body is through the lungs when you breathe in DCB vapors
released in the workplace or in the home from use of products that contain it. When you breathe
in these chemicals for a few hours, it is likely that some of the DCBs that have entered your body

will get into your bloodstream.

DCBs also can get into your body if you drink water or eat certain foods that contain them, such
as meat, chicken, eggs, or fish. Most of the DCBs that enter your body from food and water will
get into your bloodstream. It is not likely that DBCs will enter your body through the skin if you

touch products that contain them.

1,4-DCB used in the home could be accidentally swallowed, especially by young children. This
possibility exists because household products that contain 1,4-DCB, particularly some kinds of

mothballs and deodorant blocks, might be freely available in closets or bathrooms.
Most of the DCB that enters your body (perhaps more than 95%) leaves through the urine in less

than a week. Small amounts (perhaps 1-2%) leave your body in the feces and in the air you

breathe out. Tiny amounts remain in your fat and might stay there for a long time.
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Most of the DCBs that enter your body are changed into other chemicals, mainly
dichlorophenols. It is not known if these breakdown products are more or less harmful than the

DCBs themselves.

More information about how DCBs enter and leave the body is found in Chapter 3.

1.5 HOW CAN DICHLOROBENZENES AFFECT MY HEALTH?

Scientists use many tests to protect the public from harmful effects of toxic chemicals and to find

ways for treating persons who have been harmed.

One way to learn whether a chemical will harm people is to determine how the body absorbs,
uses, and releases the chemical. For some chemicals, animal testing may be necessary. Animal
testing can help identify health problems such as cancer or birth defects. Without laboratory
animals, scientists would lose a basic method for getting information needed to make wise
decisions that protect public health. Scientists have the responsibility to treat research animals
with care and compassion. Scientists must comply with strict animal-care guidelines because

laws today protect the welfare of research animals.

Most of the information on health effects of DCBs is from studies of 1,2- and 1,4-DCB. Very
little is known about the health effects of 1,3-DCB, especially in humans, but they are likely to
be similar to those of the other DCBs.

Inhaling the vapor or dusts of 1,2-DCB and 1,4-DCB at very high concentrations could be very
irritating to your eyes and nose and cause burning and tearing of the eyes, coughing, difficult
breathing, and an upset stomach. These concentrations could occur in workplaces, but are much
higher than you would be exposed to in the home. 1,4-DCB is the only DCB that is commonly
used in household products (mainly mothballs and toilet-deodorizer blocks). Scientists have no
evidence that the moderate use of common household products containing 1,4-DCB will cause
any problems to your health. Some people reported health problems, such as dizziness,

headaches, and liver problems, from very high levels of 1,4-DCB in the home. However, these
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people used very high amounts of 1,4-DCB products and continued to use the products for
months or even years, even though they felt ill. People who ate 1,4-DCB products regularly for
long periods (months to years) because of its sweet taste developed skin blotches and problems
with red blood cells, such as anemia (iron-poor blood). Little information is available about the
effects of skin contact with DCBs. 1,4-DCB might cause a burning feeling in your skin if you

hold mothballs or toilet-deodorizer blocks against your skin for a long time.

Breathing or eating any of the DCBs caused harmful effects in the liver of laboratory animals.
Animal studies also found that 1,2-DCB and 1,4-DCB caused effects in the kidneys and blood,
and that 1,3-DCB caused thyroid and pituitary effects. There is no clear evidence that 1,2-DCB
and 1,4-DCB impair reproduction or fetal development in animals at levels below those that also
cause serious health effects in the mother, although there is an indication that 1,4-DCB can affect

development of the nervous system after birth.

Lifetime exposure to 1,4-DCB by breathing or eating induced liver cancer in mice. 1,2-DCB
was not carcinogenic in laboratory animals, and 1,3-DCB has not been tested for its potential to
cause cancer. The animal studies suggest that 1,4-DCB could play a role in the development of
cancer in humans, but we do not definitely know this. The U.S. Department of Health and
Human Services (DHHS) has determined that 1,4-DCB might be a human carcinogen. The
International Agency for Research on Cancer (IARC) determined that 1,4-DCB is possibly
carcinogenic to humans. Both IARC and the EPA concluded that 1,2-DCB and 1,3-DCB are not

classifiable as to human carcinogenicity.

More information about how it can affect your health is given in Chapter 3.

1.6 HOW CAN DICHLOROBENZENES AFFECT CHILDREN?

This section discusses potential health problems in people from exposures during conception to

maturity (18 years of age).
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Children are exposed to DCBs in many of the same ways adults are. It is possibile that
mothballs and toilet bowl! deodorant blocks containing 1,4-DCB could be played with or
accidentally swallowed, especially by young children. Because children tend to be curious about
unknown powders and liquids, and because these products might be easily accessible in cabinets,

closets, or bathrooms, children could be at a higher risk of exposure to 1,4-DCB than adults.

Children who are exposed to DCBs are likely to exhibit the same effects as adults, although this
is not known for certain. Thus, all health problems of DCBs observed in adults are of potential

concern in children.

Children can also be exposed to DCBs prenatally, because all three isomers have been detected
in placenta samples, as well as through breast feeding. There is no reliable evidence suggesting
that DCBs cause birth defects, although animal data raise concern for effects of 1,4-DCB on
postnatal development of the nervous system.

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO DICHLORO-
BENZENES?

If your doctor finds that you (or a family member) have been exposed to substantial amounts of
DCBs, ask whether your children also might have been exposed. Your doctor might need to ask

your state health department to investigate.

You and your children could be exposed to 1,4-DCB in your home if you use consumer products
that contain 1,4-DCB, such as some toilet bowl cleaners and mothballs. Exposure of children to
1,4-DCB can be minimized by discouraging them from playing with, swallowing, or having skin
contact with treated products. These items should be stored out of reach of young children and
kept in their original containers to prevent accidental poisonings. Keep your Poison Control

Center’s number by the phone.
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1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO DICHLOROBENZENES?

Several tests can be used to show if you have been exposed to DCBs. The most commonly used
tests measure their dichlorophenol breakdown products in urine and blood. These tests require
special equipment that is not routinely available in a doctor's office, but they can be performed in

a special laboratory.

The presence of the dichlorophenol breakdown products in the urine indicates a person has been
exposed to DCBs within the previous day or two. For example, detection of 2,5-dichlorophenol
in urine is commonly used to determine worker exposure to 1,4-DCB in industrial settings.
Another test measures levels of DCBs in your blood, but this is used less often. Neither of these
tests can be used to show how high the level of DCB exposure was or to predict whether harmful
health effects will follow.

More information about how 1,4-DCB can be measured in exposed people is presented in
Chapters 3 and 7.

1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal government develops regulations and recommendations to protect public health.
Regulations can be enforced by law. EPA, the Occupational Safety and Health Administration
(OSHA), and the Food and Drug Administration (FDA) are some federal agencies that develop
regulations for toxic substances. Recommendations provide valuable guidelines to protect public
health but cannot be enforced by law. The Agency for Toxic Substances and Disease Registry
(ATSDR) and the National Institute for Occupational Safety and Health (NIOSH) of the Centers
for Disease Control and Prevention (CDC) are two federal agencies that develop

recommendations for toxic substances.

Regulations and recommendations can be expressed as “not-to-exceed” levels—in other words,

levels of a toxic substance in air, water, soil, or food that do not exceed a critical value that is
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usually based on levels that affect animals; they are then adjusted to levels that will help protect
people. Sometimes these not-to-exceed levels differ among federal agencies because the
agencies use different exposure times (for example, an 8-hour workday or a 24-hour day),

different animal studies, or other factors.

Recommendations and regulations are periodically updated as more information becomes

available. For the most current information, check with the federal agency that provides it.

The federal government has taken a number of steps to protect people from excessive exposure
to 1,4-DCB. EPA has listed 1,4-DCB as a hazardous waste and has subjected it to hazardous
waste regulations. EPA has set a maximum level of 75 micrograms (ug) of 1,4-DCB per liter of
drinking water. In addition, 1,4-DCB is a pesticide registered with EPA, and its manufacturers
must provide certain kinds of information to EPA for it to be registered for use as a pesticide.
OSHA has set a maximum level of 75 ppm for 1,4-DCB in workplace air for an 8-hour day,

40-hour workweek.

More information about federal and state regulations regarding 1,4-DCB is presented in
Chapter 8.

1.10 WHERE CAN | GET MORE INFORMATION?

If you have questions or concerns, please contact your community or state health or

environmental quality department, or contact ATSDR at the address and phone number below.
ATSDR can tell you the location of occupational and environmental health clinics. These clinics
specialize in recognizing, evaluating, and treating illnesses that result from exposure to

hazardous substances.

Toxicological profiles are available on-line at www.atsdr.cdc.gov and on CD-ROM. You may

request a copy of the ATSDR ToxProfiles™ CD-ROM by calling the toll-free information and
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technical assistance number at 1-888-42ATSDR (1-888-422-8737), by e-mailing
atsdric@cdc.gov, or by writing to

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE

Mailstop F-32

Atlanta, GA 30333

Fax: 1-770-488-4178

For-profit organizations may request copies of final Toxicological Profiles from

National Technical Information Service (NTIS)
5285 Port Royal Road

Springfield, VA 22161

Phone: 1-800-553-6847 or 1-703-605-6000
Web site: http://www.ntis.gov/
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2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO DICHLOROBENZENES IN
THE UNITED STATES

Dichlorobenzenes (DCBs) are chlorinated aromatic compounds that have three isomeric forms. 1,2-DCB
is a colorless to pale yellow liquid used primarily as a precursor for 3,4-dichloroaniline herbicides.
1,3-DCB is a colorless liquid used in the production of various herbicides, insecticides, pharmaceuticals,
and dyes. 1,4-DCB, the most commercially important dichlorobenzene isomer, is a volatile colorless to
white crystalline material with a mothball-like, penetrating odor. It is used as a deodorant for restrooms,

for moth control, and in the production of polyphenylene sulfide (PPS) resin.

DCBs are not known to occur naturally in the environment. The primary sources of 1,4-DCB of
industrial or commercial origin in the environment are releases from space deodorants and moth
repellants into the atmosphere. 1,4-DCB might also be released into water through waste water streams
and landfill leachate and to soil through sewage sludge application, disposal of industrial waste, and
atmospheric deposition. 1,2- and 1,3-DCBs are expected to be released to the environment during their
use in herbicide production or during the use of other products containing these isomers. 1,2-DCB is
produced in large quantities as a by-product during the production of 1,4-DCB and can be released into

the environment during the disposal of unused supplies.

1,2-,1,3-, and 1,4-DCB have similar physical and chemical properties, and consequently are expected to
have similar environmental fates. DCBs will exist predominantly in the vapor-phase in the atmosphere.
They are degraded in the atmosphere by reaction with hydroxyl radicals, with atmospheric lifetimes
(theoretically calculated) of about 1 month. The detection of these chemicals in rainwater suggests that
atmospheric removal via washout is possible. Depending on soil type, DCBs are expected to be
moderately mobile in soil and to volatilize from surface water and soil surfaces to the atmosphere.
Volatilization, sorption, biodegradation, and bioaccumulation are likely to be competing processes, with

the dominant fate being determined by local environmental conditions.
DCB concentrations in soil, water, and food are generally low in comparison to concentrations in air,

indicating that exposure of the general population to DCBs is predominantly by inhalation. Individuals

are more likely to be exposed to 1,4-DCB than to the other isomers due to the widespread use of the
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1,4-isomer in deodorant and moth repellent products. Measured DCB concentrations in ambient outdoor
air generally range from 0.01 to 0.1 ppb for 1,2-DCB, from 0.001 to 0.1 ppb for 1,3-DCB, and from
0.01 to 1 ppb for 1,4-DCB. The average daily adult intakes of 1,2-, 1,3-, and 1,4-DCB from ambient air
have been estimated to be about 1.8, 0.8, and 35 pg/day, respectively. The heavy use of products
containing 1,4-DCB in homes and other buildings has resulted in higher concentrations of this substance
in indoor air compared to concentrations in outdoor air. Measured 1,4-DCB concentrations in indoor air
generally range from 0.1 ppb to 100 ppb. Indoor inhalation exposure to 1,2- or 1,3-DCB is not expected
to be important since these substances are not used in household and consumer products to the extent of
1,4-DCB. 1,2- and 1,4-DCB have been detected in adipose tissue at concentrations ranging from <0.1 to
38 ppb and from 0.2 to 500 ppb, respectively. 1,4-DCB has been detected in blood samples at
concentrations ranging from below 0.04 to 45 ppb, while measured 1,2-DCB concentrations in blood are

below 3 ppb.

Children can be exposed to DCBs prenatally, as indicated by the detection of all three isomers in placenta
samples, as well as through breast feeding. 1,2-DCB concentrations measured in whole human milk
range from 3 to 29 ppb. 1,3- and 1,4-DCB were detected together in whole human milk with mean and
maximum concentrations of 6 and 75 ppb, respectively. These isomers were detected in milkfat samples
at a mean concentration of 161 ppb and a maximum concentration of 4,180 ppb. 1,2-, 1,3-, and 1,4-DCB
measured separately in whole human milk samples had concentrations of 9, <5, and 25 ppb, respectively,
while the milk fat of these samples contained 230 ppb of 1,2-DCB and 640 ppb of 1,4-DCB. Children
and adults are perhaps at equal risk for exposure to 1,4-DCB since there is no evidence to indicate that
children are likely to be exposed to lower amounts of 1,4-DCB from everyday living. While actual
exposure reports are limited to a small number of case reports, available evidence suggests that children

may be exposed to 1,4-DCB if they eat or play with moth balls or toilet deodorizers.

As seen in the exposure monitoring data, 1,3- and 1,4-DCB concentrations are sometimes reported
together as a single value. This is most likely because 1,3- and 1,4-DCB co-elute on many GC columns
such that their individual concentrations cannot be distinguished from each other. Based on the
production volumes of these isomers, it is expected that concentrations reported for a combination of 1,3-

and 1,4-DCB almost entirely represent the 1,4- isomer.
Occupational exposure to DCBs is expected to occur through inhalation and dermal contact with these

substances during their formulation and use. Other people at risk for high exposure to DCBs include

those living near sites where DCBs are produced, used, or disposed. People living or working near
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industrial facilities or hazardous waste sites with higher than average levels of DCBs in the air also would
have the potential for above-normal exposures. Individuals using space deodorants (air fresheners), toilet
block deodorants, or moth repellents (moth balls or crystals) containing 1,4-DCB in their homes have the

potential for high exposure to this compound.

2.2 SUMMARY OF HEALTH EFFECTS

1,2-Dichlorobenzene. 1,2-DCB is quickly and extensively absorbed through both the gastrointestinal
tract and the respiratory tract; studies measuring the absorption of 1,2-DCB following dermal exposure
are not available. Following absorption, 1,2-DCB is distributed throughout the body, but tends to be
found in greatest levels in the fat, kidney, and liver. 1,2-DCB is initially metabolized by cytochrome
P-450 enzymes, specifically P4502E1, to an active epoxide followed by hydrolysis to 2,3-dichlorophenol
or 3,4-dichlorophenol. The dichlorophenols may be further oxidized or, more often, be conjugated to
glutathione, sulfate, or to form the glucuronide; conjugation occurs extensively, with virtually no
unconjugated metabolites reported in the available studies. Metabolism is believed to occur mainly in the
liver, but may occur at lower levels in other tissues, such as the kidney or lung. Elimination of 1,2-DCB
from the body is rapid, with the majority of a single dose being removed within the first 75 hours

postexposure; elimination occurs primarily in the urine as metabolites.

The liver is the primary target of animals orally exposed to 1,2-DCB, generally resulting in centrilobular
damage. However, the acute data are inconsistent, with some studies indicating that short-term exposure
of rats to as little as 455 mg/kg/day results in severe liver damage, while others reported no hepatic
histopathologic changes in rats exposed to up to 1,000 mg/kg/day. Unlike the acute data, the intermediate
and chronic data very clearly identify the liver as the most sensitive target of oral 1,2-DCB exposure.
Several intermediate-duration studies in rats and mice have reported changes in liver weight and
histology, including cloudy swelling of the liver and centrilobular degeneration, beginning at
concentrations of 188-400 mg/kg/day. A chronic study in rats and mice found no nonneoplastic liver
effects in either sex of either species, even at exposures up to 120 mg/kg/day, suggesting that the

nonneoplastic hepatic effects of 1,2-DCB might have a threshold between 120 and 188 mg/kg/day.

Industrial hygiene studies have not reported nasal or eye irritation in humans exposed to 50 ppm of
1,2-DCB or less. However, exposure of humans to 100 ppm resulted in irritation of the eyes and
respiratory passages. In mice exposed to 64 ppm or greater of 1,2-DCB for 4, 9, or 14 days, histologic

alterations of the olfactory epithelium, but not the respiratory epithelium of the nasal cavity or in the
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trachea or lungs, were reported; the lesions decreased in severity with increasing exposure duration,

suggesting that repair occurred.

Data on the possible effects of 1,2-DCB on reproductive or developmental end points in humans are not
available. Animal studies by both the oral and inhalation routes of exposure have failed to find effects of
1,2-DCB on reproductive organs or indices of reproduction. Similarly, the limited data available suggest

that 1,2-DCB exposure does not have a significant effect on development of the fetus.

Data on the possible carcinogenic effects of 1,2-DCB in humans are not available. Exposure to 1,2-DCB
by the oral route has not been shown to cause an increase in tumor formation following lifetime exposure
in rats or mice. The potential carcinogenic effects of 1,2-DCB by other routes of exposure have not been

evaluated.

Hepatic Effects. Data on the hepatic effects of 1,2-DCB in exposed humans are not available for any
exposure route. The liver is the primary target of animals orally exposed to 1,2-DCB, generally resulting
in centrilobular damage in acute- and subchronic-duration studies. A single exposure to 1,500 mg/kg in
rats resulted in lethal central necrosis. In rats exposed to 455 mg/kg/day for 15 days, severe liver damage,
characterized by intense necrosis and fatty changes, and porphyria were reported. Similarly, rats exposed
to 300 mg/kg/day for 10 days showed hepatic necrosis of slight severity and increased serum alanine
aminotransferase (ALT). However, an acute (14-day) study by the National Toxicology Program showed
no hepatic effects in male or female rats given as high as 500 or 1,000 mg/kg/day for 14 consecutive days.
Centrilobular effects similar to those reported in the acute studies were reported in several subchronic
studies in rats and mice and occurred in rats exposed to 188 mg/kg/day for 138 doses, in rats exposed to
400 mg/kg/day for 90 days, in rats exposed to 250 mg/kg/day or greater for 13 weeks, and in mice
exposed to 250 mg/kg/day for 13 weeks. A chronic study in rats and mice found no nonneoplastic liver
effects in either sex of either species, even at exposures up to 120 mg/kg/day, suggesting that the
nonneoplastic hepatic effects of 1,2-DCB may have a threshold, which might fall between 120 and

188 mg/kg/day.

Respiratory Tract Effects. Periodic industrial hygiene surveys and medical examinations were
conducted in a plant where an unreported number of men were exposed to 1,2-DCB at an average level of
15 ppm (range, 1-44 ppm) for an unreported duration; no nasal or eye irritation was attributable to
exposure. Additionally, the study author noted that the researchers detected 1,2-DCB odor at a

concentration of 50 ppm without eye or nasal irritation during repeated vapor inhalation experiments on
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animals. An earlier source reported that occupational exposure to 100 ppm of 1,2-DCB caused irritation
of the eyes and respiratory passages of exposed humans. Data on the effects of 1,2-DCB on the

respiratory tract in humans following oral or dermal exposure are not available.

In male Swiss OF1 mice exposed to 1,2-DCB in actual mean concentrations of 0, 64, or 163 ppm (0, 385,
or 980 mg/m?) for 6 hours/day, 5 days/week for 4, 9, or 14 days, histopathologic lesions were observed in
the olfactory epithelium of the nasal cavity at >64 ppm. The olfactory epithelial lesions were graded as
very severe following the 4-day exposure and moderate after the 14-day exposure, indicating to the study
authors that repair may occur despite continued exposure. The more severe cases were characterized by a
complete loss of olfactory epithelium, which left only the partially denuded basement membrane. No
histological alterations were observed in the respiratory epithelium of the nasal cavity, or in the trachea or
lungs. No effects on respiratory tract tissues were reported in subchronic or chronic oral studies in

animals; however, in most cases, histologic evaluation of the nasal tissues was not done.

1,3-Dichlorobenzene. Data on the absorption of 1,3-DCB in humans and animals are not available for
any route of exposure; however, absorption of the compound can be inferred from studies that have
detected 1,3-DCB or metabolites in the breast milk, blood, and fat of humans and in the bile and urine of
exposed animals. Distribution is believed to be similar to the other DCB isomers, but data demonstrating
this are not currently available. Similar to the other DCB isomers, 1,3-DCB is initially metabolized by
cytochrome P-450 enzymes, followed by extensive conjugation, primarily to glutathione, has been

reported. 1,3-DCB is eliminated mainly in the urine, similar to the other DCB isomers.

Studies on the toxic effects of 1,3-DCB in humans are not available. No studies evaluating the toxicity of

1,3-DCB following dermal or inhalation exposure in animals were located.

The most sensitive adverse health effects identified by the available animal studies of 1,3-DCB were
effects on the endocrine system. Exposure of male rats to >9 mg/kg/day, or females to >37 mg/kg/day,
for 90 days resulted in reduced follicular colloidal density in the thyroid, and cytoplasmic vacuolization of
the pars distalis of the pituitary. The incidence of both the thyroid and pituitary lesions were dose-related,
and increased in severity with increasing dose level. Other effects in this study included increases in
serum cholesterol and calcium, which the study authors suggested may be related to the effects seen on

the thyroid, pituitary, or other endocrine organs.
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Effects on the liver are another potentially important effect of 1,3-DCB exposure. Treatment of rats with
up to 735 mg/kg/day by gavage resulted in hepatic centrilobular degeneration, beginning at

368 mg/kg/day; both incidence and severity increased with increasing dose. Similarly, exposure of rats to
9-588 mg/kg/day by gavage for 90 days resulted in increased relative liver weight and histological
alterations of the liver (including inflammation, hepatocellular alterations, and hepatocellular necrosis) at
doses of >147 mg/kg/day. Other statistically significant liver-associated effects included significantly
increased serum aminotransferase (AST) levels (90-100% higher than controls) in males at >9 mg/kg/day
and females at >37 mg/kg/day. Serum lactate dehydrogenase (LDH) levels were also reduced in males at

>9 mg/kg/day, but the biological significance of a decrease in liver enzymes is unclear.

Reproductive function following exposure to 1,3-DCB has not been evaluated in humans or animals.
This only available information on the developmental toxicity study of 1,3-DCB is from a gavage study
reported without details as an abstract, which reported no treatment-related effects on development.
Studies evaluating the possible carcinogenic effects of 1,3-DCB were not available in the examined

literature.

Endocrine Effects. Ina 90-day study in rats given 0, 9, 37, 147, or 588 mg/kg/day, the most
sensitive reported effects were on the pituitary and thyroid glands. Histologically, depletion of colloid
density in the thyroid, characterized by decreased follicular size with scant colloid and follicles lined by
cells that were cuboidal to columnar, was increased in a dose-related manner in males exposed to

>9 mg/kg/day, and in females exposed to >37 mg/kg/day. Similarly, the pituitary glands of males
exposed to 1,3-DCB showed cytoplasmic vacuolization of the pars distalis in all exposed groups, but the
incidence was statistically significant only in animals exposed to >147 mg/kg/day. Increases in serum
cholesterol in males at >9 mg/kg/day and females at >37 mg/kg/day, and serum calcium in both sexes at
>37 mg/kg/day were also believed by the authors to be related to effects on endocrine end points, possibly
reflecting a disruption of hormonal feedback mechanisms, or target organ effects on the pituitary,

hypothalamus, and/or other endocrine organs.

Hepatic Effects. In male and female rats exposed by gavage to up to 735 mg/kg/day for 10 days,
hepatic effects included significantly increased relative liver weight in males at >147 mg/kg/day and
females at >368 mg/kg/day, and altered histopathology at >368 mg/kg/day in both sexes. The main
hepatic histological change was dose-related centrolobular hepatocellular degeneration, characterized by
varying degrees of cytoplasmic vacuolization and swelling with intact membranes. Other hepatic

alterations included hepatocellular necrosis that was sporadically noted in animals exposed to
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>147 mg/kg/day; this change was usually minimal to mild, and tended to increase in incidence and
severity in males in a dose-related manner. In a 90-day study of 1,3-DCB toxicity, rats of both sexes were
exposed by gavage to up to 588 mg/kg/day. Relative liver weights were increased in both sexes at

>147 mg/kg/day. Dose-related increases in histological lesions, including inflammation, hepatocellular
alterations, and hepatocellular necrosis were reported at doses of >147 mg/kg/day. Other statistically
significant liver-associated effects included significantly increased serum AST levels (90-100% higher
than controls) in males at >9 mg/kg/day and females at >37 mg/kg/day, but whether these changes were
due to an effect on the liver or an endocrine effect is not clear. Serum LDH levels were also reduced in

males at >9 mg/kg/day, but the biological significance of a decrease in liver enzymes is unclear.

1,4-Dichlorobenzene. Following inhalation or oral exposure, absorption of 1,4-DCB is rapid and
complete. Data on the absorption of 1,4-DCB following dermal exposure are not available; however,
absorption is believed to be very low, based on a very high (>6 g/kg) dermal LDs, for 1,4-DCB in rats,
and on a lack of systemic effects in humans who held solid 1,4-DCB in their hands. Similar to the other
dichlorobenzene isomers, 1,4-DCB is distributed throughout the body, but tends to be found in greatest
levels in fat, liver, and kidney. Metabolism of 1,4-DCB is similar to that of 1,2-DCB, with an initial
oxidation to an epoxide, followed by hydrolysis to 2,5-dichlorophenol. Extensive phase Il metabolism
occurs subsequently, with eliminated metabolites found mainly as the sulfate, glucuronide, or mercapturic
acid. 1,4-DCB is eliminated almost exclusively in the urine, primarily as conjugates of
2,5-dichlorophenol.

Effects on the liver have been shown to be a sensitive end point following exposure of 1,4-DCB in
humans and animals. In two human fatalities thought to be caused by 1,4-DCB, the subjects died of a
massive hepatic necrosis. A 3-year-old who had been playing with 1,4-DCB crystals was admitted to the
hospital displaying signs of jaundice, and recovered after a transfusion. Animal studies have reported
increased liver weights, liver cell proliferation, vacuolated cytoplasm, hepatocellular hypertrophy, and

hepatic portal inflammation following exposure to 1,4-DCB.
Inhaled 1,4-DCB has irritant effects, as demonstrated in a study of 58 workers who reported painful
irritations of the nose after occupational exposures to 80-160 ppm. A chronic study in rats demonstrated

histologic changes of the olfactory epithelium in female rats exposed to >75 ppm of 1,4-DCB.

Data on the effects of 1,4-DCB on reproductive end points in humans are not available. In the majority of

oral and inhalation studies in animals, exposure to 1,4-DCB has not been demonstrated to produce
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treatment-related changes in reproductive tissues or on reproductive end points, with the notable
exception of a 2-year inhalation study in rats that reported a mineralization of the testes at concentrations

of >75 ppm.

A 21-year-old woman who had eaten 1-2 blocks of 1,4-DCB toilet freshener per week for the first

38 weeks of pregnancy gave birth to an apparently normal child. In rats orally exposed to 90 mg/kg/day
throughout gestation, decreased pup weights at birth and increased occurrence of clinical signs in pups
(dry, scaly skin and tail constriction) were reported; exposure to 270 mg/kg/day in the same study resulted
in decreased offspring survival and decreased pup weight during weaning. Other studies of the
developmental effects of 1,4-DCB have been negative, or have reported only mild anomalies (e.g., extra

ribs in rodent bioassays).

Data on the carcinogenic effects of 1,4-DCB in humans are not available. 1,4-DCB has been shown to be
carcinogenic in chronic animal studies by both the inhalation and oral routes. Following lifetime
inhalation exposure, a dose-related increase in hepatic tumors was reported in mice of both sexes, but not
in either sex of rats. Following lifetime oral exposure, hepatic tumors were increased in mice of both
sexes, but not in either sex of rats; male rats exposed to 1,4-DCB developed renal tubular cell
adenocarcinomas, but these are believed to be the result of interaction with o,-globulin, a renal protein
not present in humans. Data on the possible carcinogenic effects of 1,4-DCB following dermal exposure

are not available.

Hepatic Effects. Intwo human fatalities believed to be caused by 1,4-DCB inhalation, the subjects
died of a massive hepatic necrosis known as acute yellow atrophy of the liver; the inhaled concentration is
not known. A 3-year-old boy who had been playing with crystals containing 1,4-DCB for 4-5 days was
jaundiced with pale mucous membranes, indicative of liver damage; with transfusion, the child gradually

improved.

Many animal studies by both the oral and inhalation routes have confirmed the liver as a sensitive target
for 1,4-DCB toxicity. Inhaled exposure concentrations of 158-211 ppm, at exposure durations from

2 weeks to 7 months, resulted in increased liver weights, cloudy swelling of the liver, and, at higher
exposure levels, centrilobular hypercellular hypertrophy and necrosis. Exposure to 538 ppm for

10 weeks, and throughout mating and gestation for females, resulted in hepatocellular hypertrophy and
increased liver weights in both the parents (Fogeneration) and the offspring (F1). In chronic inhalation

studies in rats and mice, no effects were seen in either sex of either species at 75 ppm, but at 300 ppm,
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histological changes were seen in male mice, but not in female mice or in either sex of rats. Acute oral
studies have demonstrated hepatic effects (increased liver weight) at concentrations as low as 300 mg/kg
in rats, with higher concentrations resulting in increased liver cell proliferation and vacuolated and/or
basophilic cytoplasm of centrilobular cells. Similar hepatic effects have been seen in mice exposed to
300 mg/kg/day for 1 week. In rats exposed to 1,4-DCB for 13 weeks, increased relative liver weight was
seen at >75 mg/kg/day, with centrilobular hypertrophy present at 300 mg/kg/day, and necrosis reported at
1,200 mg/kg/day; studies in mice have reported similar effects. A 1-year study in male and female
Beagle dogs reported increased liver weights, hepatocellular hypertrophy, pigment deposition, and hepatic
portal inflammation after exposure to 50 or 75 mg/kg/day. In the only 2-year oral study of 1,4-DCB
toxicity, no effects were seen in either sex of rats exposed to up to 300 mg/kg/day, while both sexes of

mice showed significant, dose-related increases in hepatocellular degeneration, starting at 300 mg/kg/day.

Respiratory Effects. A case of pulmonary granulomatosis was reported to have occurred in a
53-year-old woman who for 12-15 years had been inhaling 1,4 DCB crystals that were scattered on a
weekly basis on the carpets and furniture of her home. A lung biopsy revealed the presence of 1,4-DCB
crystals with the surrounding lung parenchyma being distorted by fibrosis, thickening of the alveolar
walls, and marked infiltrates of lymphocytes and mononuclear phagocytes. These effects are most likely
related to the physical interaction of 1,4 DCB crystals (or any crystals when inhaled) with lung tissue,
rather than to chemical toxicity. A study of 58 men occupationally exposed for 8 hours/day, 5 days/week,
continually or intermittently, for 8 months to 25 years (average, 4.75 years) to 1,4 DCB found painful
irritations of the nose at levels ranging from 80 to 160 ppm. At levels >160 ppm, the air was considered

not breathable for unacclimated persons.

In a chronic inhalation study, male and female rats exposed to 490-499 ppm showed a small but
significant increase in lung weight after 112 weeks of exposure; this response was not seen at study week
76 . The 112-week study did not evaluate nasal tissues. A later chronic inhalation study reported that in
rats exposed to 1,4-DCB for 6 hours/day, 5 days/week for 2 years, an increased incidence of histological
changes of the olfactory epithelium was seen in male rats exposed to 300 ppm, and in female rats exposed
to 75 or 300 ppm. No changes were reported in the nasal epithelium of exposed mice. In rats treated with
1,200 or 1,500 mg/kg/day or greater by gavage for 13 weeks, epithelial necrosis of the nasal turbinates
was reported; similar effects were not seen in mice exposed by gavage to up to 1,800 mg/kg/day, or in

rats or mice exposed by gavage for 2 years to up to 600 mg/kg/day.
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Renal Effects. Exposure of male rats to 1,4-DCB, but not female rats or either sex of mice, results in
the development of renal lesions, characterized by cellular proliferation of the proximal tubules,
formation of protein droplets in the renal tubular cells, increased kidney weight, tubular cell necrosis, and
increased incidence of renal tumors. These have been shown to be the result of interaction with the
protein ay,-globulin, a mechanism specific to male rats and not relevant to consideration of human

exposures.

Developmental Effects. A 21-year-old woman who had eaten 1-2 blocks of 1,4-DCB toilet
freshener per week for the first 38 weeks of pregnancy gave birth to an apparently normal child. In a
2-generation study of the effects of inhaled 1,4-DCB on reproduction and development, the number of
pups that died during the perinatal period was increased, and the body weights at postnatal day 0 and
28 were significantly decreased, in animals exposed to 538 ppm; exposures to 66.3 or 211 ppm had no
effect on developmental endpoints. In rabbits exposed to 300 ppm, but not those exposed to 800 ppm,
there was a significant increase in the number of resorptions and the percentages of resorbed
implantations per litter; the fact that the effect did not occur in rabbits exposed to a higher dose level
suggests that it was not treatment-related. In a 2-generation oral study in rats, treatment with

90 mg/kg/day of 1,4-DCB resulted in increased mortality in the F, generation, decreased pup birth weight
in the F; generation, and increased occurrence of clinical signs in pups (dry, scaly skin and tail
constriction); exposure to 270 mg/kg/day in the same study resulted in decreased offspring survival and
decreased pup weight during weaning of the F; and F, generations. Other evaluations of the

developmental effects of 1,4-DCB following oral exposure have been negative.

2.3 MINIMAL RISK LEVELS

Inhalation MRLs

1,2-Dichlorobenzene. No MRL was derived for acute-duration inhalation exposure to 1,2-DCB due to
insufficient data. A limited amount of information is available on the toxicity of acute inhalation
exposure to 1,2-DCB. Workers who were exposed to concentrations ranging from 1 to 44 ppm (average
15 ppm) for unreported durations did not experience eye or nasal irritation and showed no changes in
standard blood and urine indices, as shown by periodic occupational health examinations (Hollingsworth
etal. 1958). 1,2-DCB also did not cause eye or nasal irritation in people exposed to approximately

50 ppm (researchers who were exposed during the conduct of inhalation studies in animals), although the

odor was perceptible at this level (Hollingsworth et al. 1958). Occupational exposure to higher
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concentrations of 100 ppm 1,2-DCB was reported to be irritating to the eyes and respiratory passages
(Elkins 1950). This limited information on irritation effects of 1,2-DCB in humans is consistent with
histological findings of nasal olfactory epithelial lesions in mice exposed to 64 or 163 ppm of 1,2-DCB
for 6 hours/day, 5 days/week for 4, 9, or 14 days (Zissu 1995). The olfactory epithelial lesions were
graded as very severe following the 4-day exposure and moderate after the 14-day exposure, suggesting to
the authors that some tissue repair might have occurred despite continued exposure. The more severe
cases were characterized by a complete loss of olfactory epithelium, which left only the partially denuded
basement membrane. No histological alterations were observed in the respiratory epithelium of the nasal

cavity, or in the trachea or lungs. Nonrespiratory tissues were not evaluated in this study.

Acute systemic effects of inhaled 1,2-DCB include histopathology in the liver (marked centrilobular
necrosis) and kidneys (cloudy swelling of tubular epithelium) of rats exposed to 977 ppm for 1 hour
(Hollingsworth et al. 1958), but not to 539 ppm for 3 or 6.5 hours (Hollingsworth et al. 1958) or 322 ppm
for 6 hours/day for 10 days (DuPont 1982). Maternal body weight gain was decreased in rats and rabbits
that were exposed to 100, 200, or 400 ppm of 1,2-DCB for 6 hours/day on days 6-15 (rats) or 6—

18 (rabbits) of gestation (Hayes et al. 1985). A maternal no-observed-adverse-effect level (NOAEL) is
not identifiable because the effect occurred at all tested exposure levels. No prenatal developmental
toxicity was observed in the rabbits. Skeletal variations (delayed ossification of cervical vertebral centra)
occurred in fetuses of rats at 400 ppm, indicating that developmental effects occurred in rats at
concentrations that also caused maternal toxicity. Based on these findings, a NOAEL of 200 ppm and a

lowest-observed-adverse-effect level (LOAEL) of 400 ppm are identified for developmental toxicity.

The nasal histopathology findings in mice show that the upper respiratory tract is a sensitive target for
acute inhalation exposure to 1,2-DCB, as serious olfactory lesions occurred at exposure concentrations
below those that caused systemic or developmental effects in rats and rabbits. The 64 ppm serious
LOAEL for nasal olfactory lesions precludes derivation of an acute inhalation MRL for 1,2-DCB
because: (1) a NOAEL was not determined by Zissu (1995), (2) no other animal studies tested exposure
levels below 100 ppm or evaluated the nasal cavity, and (3) it is consistent with limited reports indicating
that occupational exposure to 100 ppm is irritating to the eyes and respiratory tract of humans (Elkins
1950; Hollingsworth et al. 1958).

No intermediate-duration inhalation MRL was derived for 1,2-DCB due to insufficient data. Information

on the toxicity of intermediate-duration inhalation exposures to 1,2-DCB is limited to the findings of a

multispecies subchronic study (Hollingsworth et al. 1958) and a 2-generation reproduction study in rats
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(Bio/dynamics 1989). In the subchronic study, rats and guinea pigs were exposed to 49 or 93 ppm for

7 hours/day, 5 days/week for 6—7 months (Hollingsworth et al. 1958). Mice were similarly exposed to

49 ppm only, and rabbits and monkeys were similarly exposed to 93 ppm only, although the rabbit and
monkey data are compromised by small numbers of animals (two rabbits/sex and two female monkeys).
No compound-related histopathological or other changes occurred in any of the animals exposed to

49 ppm. The only remarkable findings at 93 ppm were statistically significant decreases in final body
weight (8.9% less than controls) in male rats and absolute spleen weight (20% less than controls) in male
guinea pigs, indicating that the NOAEL and LOAEL for systemic effects are 49 and 93 ppm, respectively.
In the reproductive toxicity study, male and female rats were exposed to 50, 150, or 394 ppm of 1,2-DCB
for 6 hours/day, 7 days/week for 10 weeks before mating and subsequently through the F; generation
(Bio/dynamics 1989). oy,-Globulin-related renal changes were found in adult males of both generations
at all levels of exposure, but these effects are specific to male rats and are not relevant to humans.
Decreased body weight gain, increased absolute and relative liver weights, and centrilobular hepatocyte
hypertrophy occurred in adult rats of both sexes and generations at >150 ppm, indicating that the NOAEL
and LOAEL for systemic effects are 50 and 150 ppm. There were no effects on reproduction in either
generation, indicating that the NOAEL for reproductive toxicity is 394 ppm. As discussed in the acute
inhalation MRL section, a NOAEL of 200 ppm and a LOAEL of 400 ppm were found for developmental

toxicity (skeletal variations) in rats (Hayes et al. 1985).

As discussed above, NOAELSs of 49-50 ppm and LOAELSs of 93-150 ppm are identified for systemic
effects in intermediate-duration inhalation studies of 1,2-DCB in rats and guinea pigs (Bio/dynamics
1989; Hollingsworth et al. 1958). Neither of these studies evaluated possible effects in the nasal cavity, a
known sensitive target of 1,2-DCB based on acute data. As discussed in the acute inhalation MRL
section, 64 ppm was a serious LOAEL for nasal olfactory lesions in rats intermittently exposed to
1,2-DCB for 4-14 days (Zissu 1995). Derivation of an intermediate-duration MRL for 1,2-DCB is
precluded because the 64 ppm serious LOAEL for acute exposure is lower than the available

intermediate-duration LOAELS for systemic and developmental effects.

No MRL was derived for chronic-duration inhalation exposure to 1,2-DCB due to a lack of chronic

inhalation studies.

1,3-Dichlorobenzene. No MRLs were derived for inhalation exposure to 1,3-DCB due to a lack of

acute-, intermediate-, and chronic-duration inhalation studies.
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1,4-Dichlorobenzene.

e An MRL of 2 ppm has been derived for acute-duration (<14 days) inhalation exposure to
1,4-DCB.

A limited amount of information is available on the toxicity of inhaled 1,4-DCB in humans. Case reports
of people who inhaled 1,4-DCB provide indications that the liver and nervous system are systemic targets
of inhalation toxicity in humans, but are limited by lack of adequate quantitative exposure information
and/or verification that 1,4-DCB was the only factor associated with the effects (Cotter 1953; Miyai et al.
1988; Reygagne et al. 1992).

Periodic occupational health examinations of workers who were exposed to 1,4-DCB for an average of
4.75 years (range, 8 months—25 years) showed no cataracts or any other lens changes in the eyes, or
effects on clinical indices (red blood cell count, total and differential white blood cell counts, hemoglobin,
hematocrit, mean corpuscular volume, blood urea nitrogen, sedimentation rate, or urinalysis) attributable
to exposure (Hollingsworth et al. 1956). The odor was found to be faint at 15-30 ppm and strong at 30—
60 ppm. Painful irritation of the eyes and nose was usually experienced at 50-80 ppm, although the
irritation threshold was higher (80-160 ppm) in workers acclimated to exposure. Concentrations above
160 ppm caused severe irritation and were considered intolerable to people not adapted to it. The odor
and irritation properties are considered to be good warning properties that are expected to prevent
excessive exposures, although the industrial experience indicates that it is possible for people to become

sufficiently acclimated to tolerate high concentrations of the vapor (Hollingsworth et al. 1956).

Information on effects of acute-duration inhalation exposure to 1,4-DCB in animals is available from
short-term systemic toxicity studies in rats and guinea pigs (Hollingsworth et al. 1956), a male
reproduction study rats (Anderson and Hodge 1976), and developmental toxicity studies in rats and
rabbits (Hayes et al. 1985; Hodge et al. 1977). In the systemic toxicity study, five rats of each sex and
five guinea pigs of each sex were exposed to 175 ppm of 1,4-DCB for 7 hours/day, 5 days/week for

16 days (Hollingsworth et al. 1956). Mild histological effects of interstitial edema, congestion, and
alveolar hemorrhage were observed in the lungs of male rats and female guinea pigs. The experimental
design and report of this study have a number of deficiencies, such that reported observations provide
only qualitative evidence of exposure-related respiratory effects. In the reproduction study (a dominant
lethal test), a NOAEL of 450 ppm was identified for reproductive performance in male mice that were
exposed for 6 hours/day for 5 days prior to weekly mating with unexposed females for 8 weeks
(Anderson and Hodge 1976). No maternal or developmental toxicity occurred in rats that were exposed
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to 75-500 ppm for 6 hours/day on days 6-15 of gestation (Hodge et al. 1977), indicating that the highest
NOAEL for reproductive effects in rats is 500 ppm. A developmental study in which rabbits were
exposed to 100-800 ppm for 6 hours/day on gestation days 6—18 found evidence of fetotoxicity (a minor
variation of the circulatory system) only at 800 ppm, which was also maternally toxic as shown by body
weight loss early in gestation (Hayes et al. 1985), indicating that 800 ppm is a LOAEL for maternal and

developmental effects in rabbits.

The lung is the most sensitive organ for inhaled 1,4-DCB in rats and guinea pigs exposed to 173 ppm
(Hollingsworth et al. 1956) because the only effects observed in the reproductive and developmental
studies were indications of maternal and fetotoxicity in rabbits at a much higher level of 800 ppm (Hayes
et al. 1985). Support for the respiratory tract as a sensitive target for 1,4-DCB vapor in animals is
provided by the induction of nasal lesions in rats intermittently exposed to levels as low as 75 ppm for
104 weeks in the study used to derive the chronic inhalation MRL for 1,4-DCB (Japan Bioassay Research
Center 1995). Additionally, the animal data are consistent with the human experience indicating that
occupational exposure to 1,4-DCB causes painful nose and eye irritation in the range of 15-160 ppm
(Hollingsworth et al. 1956). The current Threshold Limit VValue-Time Weighted Average (TLV-TWA)
for 1,4-DCB of 10 ppm, which is intended to minimize the potential for eye irritation in exposed workers
(ACGIH 2001), is largely based on the human findings of Hollingsworth et al. (1956).

As discussed above, eye and nose irritation are critical effects of acute inhalation exposure to 1,4-DCB in
humans. Because odor detection is a warning property expected to prevent irritation caused by 1,4-DCB
(Hollingsworth et al. 1956), the highest level at which an odor was detected that was simultaneously
without irritant effects, 30 ppm, was designated a minimal LOAEL for irritation for the purposes of
derivation of the MRL; the 15 ppm level was therefore designated a NOAEL for irritant effects. Using
the NOAEL of 15 ppm for eye and nose irritation in humans, and applying a total uncertainty factor of

10 (for individual variability), an MRL of 2 ppm was derived for acute inhalation exposure to 1,4-DCB.

e An MRL of 0.1 ppm has been derived for intermediate-duration (15-364 days) inhalation
exposure to 1,4-DCB.

Information on effects of intermediate-duration inhalation exposure to 1,4-DCB is available from a
multispecies subchronic toxicity study (Hollingsworth et al. 1956) and a 2-generation
reproductive/developmental toxicity study in rats (Tyl and Neeper-Bradley 1989). In the multispecies
subchronic study, rats, mice, guinea pigs, rabbits, and monkeys were exposed to 96 or 158 ppm for

7 hours/day, 5 days/week for 5—7 months (Hollingsworth et al. 1956). Some of these animals were also
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similarly exposed to 341 ppm for 6 months (rats and guinea pigs) or 798 ppm for 23—-69 exposures (rats,
guinea pigs, and rabbits). The experiments with rabbits and monkeys exposed to levels of 96 or 158 ppm
are limited by small numbers of animals (1-2/group). Hepatic effects included increased relative liver
weight and slight histological alterations in rats at 158 ppm (not observed at 96 ppm), and more severe
histopathology (e.g., cloudy swelling and necrosis) in guinea pigs at 341 ppm, and in rats, guinea pigs,
and rabbits at 798 ppm. Other findings in the animals exposed to 798 ppm included eye irritation and
frank signs of neurotoxicity (e.g., marked tremors). The hepatic histological changes observed in rats at
158 ppm (cloudy swelling, congestion, or granular degeneration) were considered of questionable
significance and were not reported at 358 ppm, indicating that neither 158 nor 358 ppm is a reliable
LOAEL for liver pathology in rats. The hepatic histological effects observed in the guinea pigs at

341 ppm appear to have been more severe (fatty degeneration, focal necrosis, slight cirrhosis) than in rats,
but only occurred in some of the animals (number not reported). Although this information suggests that
341 ppm is a LOAEL for liver histopathology in guinea pigs, confidence in this effect level is low due to
imprecise and brief qualitative reporting of the results (a general limitation of the study). The 798 ppm
exposure concentration is a reliable LOAEL because this level clearly caused both liver histopathology
(e.g., cloudy swelling and central necrosis) and overt signs of toxicity (e.g., marked tremors, eye

irritation, and unconsciousness) in all three species.

The 2-generation study (Tyl and Neeper-Bradley 1989) is well-designed and identified a NOAEL

(66 ppm, for a <10% change in absolute and relative liver weights) and LOAEL (211 ppm, for a >10%
change in absolute and relative liver weights) for intermediate-duration inhalation exposure to 1,4-DCB.
In this study, groups of 28 Sprague-Dawley rats of each sex were exposed to actual mean 1,4-DCB
concentrations of 0, 66, 211, and 538 ppm. Additional groups of 10 females were similarly exposed for
10 weeks in a satellite study. The animals in the main study were paired within groups for a 3-week
mating period to produce the F; generation. Main study males that did not successfully mate in the first
10 days of the mating period were paired with the satellite females for 10 days. Main study females that
did not successfully mate during the first 10 days of the mating period were paired with proven males for
the remaining 11 days of the mating period. Exposures of the main study F,females were continued
throughout the mating period and the first 19 days of gestation, discontinued from gestation day

20 through postnatal day 4, and then resumed until sacrifice at weaning on postnatal day 28. Exposures
of the satellite Fo females were continued through mating until sacrifice on gestation day 15. Exposures
of the Fomales continued until sacrificed at the end of the study and satellite mating periods. Groups of
28 F; weanlings/sex and satellite groups of 10 F, female weanlings were exposed for 11 weeks and mated

as described above to produce the F, generation. Additionally, 20 F; weanlings/sex from the control and
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high exposure groups served as recovery animals that were observed without exposure for 5 weeks prior
to sacrifice. Complete necropsies were performed on all Foand F; adult (parental) animals, F; recovery
animals, F; weanlings not used in the rest of the study, and F, weanlings, and histology was evaluated in
the Fpand F; parental animals. Histological examinations were conducted on the liver and kidneys in all
groups and on selected other tissues (pituitary, vagina, uterus, ovaries, testes, epididymides, seminal
vesicles, prostate, and tissues with gross lesions) in the control and high-exposure groups. The kidney
evaluation included examination for the presence of ay,-globulin droplets. Additional end points
evaluated in the parental generations included clinical observations, mortality, body weight, and food
consumption. Mating and fertility indices were determined for Foand F; males and females, and
gestational, live birth, postnatal survival (4-, 7-, 14-, 21-, and 28-day), and lactation indices were

determined for the F; and F; litters.

No effects on reproductive parameters in either generation were reported, although systemic toxicity
occurred at all dose levels in Fpand F; adult rats (Tyl and Neeper-Bradley 1989). Hyaline droplet
nephropathy was found in Foand F, adult males at >66 ppm. Manifestations of this male rat-specific renal
syndrome included o,,-globulin accumulation and increased kidney weights at >66 ppm, and other
characteristic histological changes at 538 ppm. Body weights and weight gains were significantly
reduced in Fpand F; adult males and F; adult females during the pre-breed exposure periods at 538 ppm.
Absolute liver weights were increased in Fo males by 6, 16, and 38% in the 66, 211, and 538 ppm groups,
respectively; the differences were statistically significantly different from control in the 211 and 538 ppm
groups. In F, females, absolute liver weights were increased by 9% in the 211 ppm animals, and 31% in
the 538 ppm animals, but only the high-dose animals were statistically significant from controls. Similar
changes were seen in relative liver weights of the F, generation, with respective increases of 5, 14, and
52% in the 66, 211, and 538 ppm males and 4, 9, and 31% in the 66, 211, and 538 ppm females; all
groups of treated males, and the 211 and 538 ppm female groups, were statistically significantly different
from controls. Relative liver weights were also significantly increased in F; adult males at >211 ppm and
in F; adult females at 538 ppm. Hepatocellular hypertrophy was observed in the livers of Fyand F, males
and females at 538 ppm; no hepatic histological changes were induced at the lower exposure
concentrations. Other effects also occurred in the Foand F; males and females at 538 ppm, indicating that
there was a consistent pattern of adult toxicity at the high exposure level, including reduced food
consumption and increased incidences of clinical signs (e.g., tremors, unkempt appearance, urine stains,
salivation, and nasal and ocular discharges); these effects only sporadically occurred at 211 ppm. Other
effects at 538 ppm included reduced gestational and lactational body weight gain, and postnatal toxicity,

as evidenced by increased number of stillborn pups, reduced pup body weight, and reduced postnatal
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survival in Fyand/or F, litters. This study identified: (1) a NOAEL of 66 ppm and LOAEL of 211 ppm for
increased (>10% above controls) relative liver weight in adult rats, and (2) a serious LOAEL of 538 ppm
for systemic toxicity (central nervous system and other clinical signs) in adult rats and developmental

toxicity (increased stillbirths and perinatal mortality) in their offspring (Tyl and Neeper-Bradley 1989).

The NOAEL of 66 ppm for increased liver weight in rats (Tyl and Neeper-Bradley 1989) is used as the
basis for an intermediate-duration inhalation MRL. Using EPA (1994k) inhalation reference
concentration (RfC) methodology to determine the MRL, the 66 ppm NOAEL was first duration-adjusted
for intermittent exposure, as follows:

NOAELap; (NOAEL) (hours/24 hours) (days/7 days)

(66 ppm) (6/24) (5/7)
11.8 ppm

1,4-DCB exhibited the effect outside of the respiratory tract and is treated as a category 3 gas for purposes
of calculating the RfC. The human equivalent concentration (HEC) for extrarespiratory effects produced
by a category 3 gas is calculated by multiplying the duration-adjusted NOAEL by the ratio of blood:gas
partition coefficients (Hyg) in animals and humans (EPA 1994k). Hyq values were not available for
1,4-DCB in rats and humans. Using a default value of 1 for the ratio of partition coefficients, the
NOAELec becomes 11.8 ppm, as follows:

NOAELhec (NOAELapy) X [(Horg)rat / (Hoig)Human],

11.8 ppm x [1] = 11.8 ppm

The NOAEL e was divided by a total uncertainty factor of 100 to derive the MRL. This uncertainty
factor is comprised of component factors of 10 for interspecies extrapolation, and 10 for human
variability. Although the rat exposure concentration was adjusted to a human equivalent concentration
(HEC), an uncertainty factor of 10 was still applied, because HEC calculation was based on an
assumption of equivalent blood-gas partition coefficients, and not on actual data. Dividing the 11.8 ppm
NOAEL e for increased liver weight in rats by the uncertainty factor of 100 yields an MRL of 0.1 ppm
for intermediate-duration inhalation exposure to 1,4-DCB. As discussed in Appendix A, this MRL is

consistent with an MRL of 0.2 ppm calculated using benchmark dose analysis of the liver weight data.
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e An MRL of 0.02 ppm has been derived for chronic-duration (>365 days) inhalation exposure to
1,4-DCB.

A limited amount of information is available on the long-term toxicity of inhaled 1,4-DCB in humans.
Periodic occupational health examinations of workers who were exposed to 1,4-DCB for an average of
4.75 years (range, 8 months to 25 years) showed no changes in standard blood and urine indices
(Hollingsworth et al. 1956). The odor was found to be faint at 15-30 ppm and strong at 30-60 ppm.
Painful irritation of the eyes and nose was usually experienced at 50-80 ppm, although the irritation
threshold was higher (80-160 ppm) in workers acclimated to exposure. Concentrations above 160 ppm
caused severe irritation and were considered intolerable to people not adapted to it. Occasional
examination of the eyes showed no cataracts or any other lens changes. The odor and irritation properties
are considered to be fairly good warning properties that should prevent excessive exposures, although the
industrial experience indicates that it is possible for people to become sufficiently acclimated to tolerate
high concentrations of the vapor (Hollingsworth et al. 1956). The data from this study are inadequate for
chronic MRL derivation due to poor characterization of long-term exposure levels, insufficient
investigation of systemic health end points, and reporting and other study deficiencies. Although the
available occupational data are insufficient for chronic MRL derivation, the eye and nose irritation
findings in humans are consistent with nasal effects observed in chronically exposed animals, as

discussed below.

Information on the chronic inhalation toxicity of 1,4-DCB in animals is available from two studies in rats
and mice (Japan Bioassay Research Center 1995; Riley et al. 1980a, 1980b). In the Riley et al. (1980a,
1980b) studies, rats of both sexes and female mice were exposed to 75 or 500 ppm of 1,4-DCB for

5 hours/day, 5 days/week for up to 76 weeks (rats) or 57 weeks (mice), followed by 32 weeks (rats) or
18-19 weeks (mice) without exposure. There were no exposure-related histopathological changes in the
nasal cavity or other tissues in either species. Liver and kidney weights were increased in rats of both
sexes at 500 ppm, but the toxicological significance is questionable due to the negative histopathology
findings and the lack of related clinical chemistry effects. Evaluation of the mouse data is limited by

reporting insufficiencies in the available summary of the study.

In the Japan Bioassay Research Center (1995) study, groups of 50 male and female F344/DuCij rats and
50 male and female Crj:BDF1 mice were exposed to 1,4-DCB in target concentrations of 0, 20, 75, or
300 ppm for 6 hours/day, 5 days/week for 104 weeks. Study end points included clinical signs and
mortality, body weight (weekly for the first 13 weeks, and subsequently every 4 weeks), and hematology,
blood biochemistry, and urinalysis indices (evaluated at end of study). Selected organ weight

**DRAFT FOR PUBLIC COMMENT***



DICHLOROBENZENES 29

2. RELEVANCE TO PUBLIC HEALTH

measurements (liver, kidneys, heart, lungs, spleen, adrenal, brain, testis, and ovary) and comprehensive
gross pathology and histology evaluations were performed on all animals at the end of the study or at time
of unscheduled death. No interim pathology examinations were performed. As summarized below, the
chronic inhalation data identify a NOAEL of 20 ppm and a LOAEL of 75 ppm for dose-related
eosinophilic changes in the olfactory epithelium in female rats and mineralization of the testis in male

mice.

For rats, the actual mean chamber concentrations were 0, 19.8, 74.8, or 298.4 ppm over the duration of
the study. The number of rats surviving to scheduled termination was significantly (p<0.05) reduced at
300 ppm in males (Japan Bioassay Research Center 1995). Survival in the male rats was noticeably lower
than controls beginning at approximately study week 80, and overall survival at 0, 20, 75, and 300 ppm
was 66% (33/50), 68% (34/50), 58% (29/50), and 36% (18/50), respectively. There were no exposure-
related decreases in survival in the female rats. Various other effects also occurred at 300 ppm, including
changes in organ weights (liver in both sexes, kidneys in males) and hematological and blood biochemical
indices (mean cell volume, total cholesterol, phospholipids, blood urea nitrogen, creatinine, and calcium
in males; total protein, total bilirubin, blood urea nitrogen, and potassium in females), but a lack of both
numerical data and statistical analyses precludes interpretations of significance for these end points.
Additional findings included histopathological changes in the kidneys and nasal epithelia. The kidney
lesions occurred only in male rats at 300 ppm and included significantly increased incidences of
mineralization of the renal papilla and in hyperplasia of the urothelium. The nasal lesions mainly
included increased incidences of eosinophilic changes in the olfactory epithelium (moderate or greater
severity) in males at 300 ppm and females at >75 ppm. Incidences of this lesion at 0, 20, 75, and

300 ppm were 1/50, 2/50, 2/50, and 7/50 in males, and 28/50, 29/50, 39/50, and 47/50 in females. The
increases were statistically significant (p<0.05, Fisher's Exact Test performed by ATSDR) and there was
a trend of increasing response with increasing dose in both sexes (Cochran-Armitage test, performed by
ATSDR). Additionally observed were significantly increased incidences of eosinophilic changes of the
respiratory epithelium and respiratory metaplasia in 300 ppm females, and an increase in mineralization

of the renal papilla in 300 ppm males.

For mice, the actual mean chamber concentrations were 0, 19.9, 74.8, or 298.3 ppm over the duration of
the study. Survival was slightly reduced in male mice at all levels of exposure, but the decreases were not
significantly different from controls or significantly dose-related (p>0.05, Fisher's Exact and Cochran-
Armitage tests performed by ATSDR). Survival in exposed females was comparable to controls.

Terminal body weights were reduced at 300 ppm in both males (=10-15% less than controls, beginning at
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study week 80) and females (=7-10% less than controls, beginning at study week 84). Various other
effects also occurred in the 300 ppm mice, including changes in organ weights (increased liver weights in
both sexes, increased kidney and decreased ovary weights in females) and hematology and blood
biochemical indices (total cholesterol, SGOT, SGPT, LDH, and AP in both sexes; platelet numbers, total
protein, albumin, total cholesterol, blood urea nitrogen, and calcium in females), but a lack of reported
numerical data and results of statistical analysis precludes interpretation of these end points. Additional
findings included histopathological changes in liver and testes of males. The incidence of centrilobular
hepatocellular hypertrophy was significantly increased in males at 300 ppm (0/49, 0/49, 0/50, and 34/49),
and the incidence of mineralization of the testis was significantly increased in males at >75 ppm (27/49,
35/49, 42/50, and 41/49). No nonneoplastic histological changes were observed in female mice.

The chronic NOAELSs of 19.8 ppm for nasal olfactory epithelial lesions in rats and 19.9 ppm for testicular
mineralization in mice (Japan Bioassay Research Center 1995) were considered for MRL derivation.
HECs were calculated using EPA (1994k) inhalation dosimetric adjustment methodology to determine
which of these NOAELS is the most appropriate basis for the MRL. The animal NOAELSs were first

duration-adjusted for intermittent experimental exposure, as follows:

Rat: NOAEL ppy = (NOAEL) (hours/24 hours) (days/7 days)
= (19.8 ppm) (6/24) (5/7)
= 3.54 ppm

Mouse: NOAEL ap; (NOAEL) (hours/24 hours) (days/7 days)

(19.9 ppm) (6/24) (5/7)
3.55 ppm

For the olfactory epithelium changes in rats, 1,4-DCB was treated as a category 1 gas with effects in the
extrathoracic region for purposes of calculating the HEC. Using EPA (1988e, 1994b) reference values,

the regional gas deposition ratio (RGDR) was calculated as follows:

RGDRer = [(Ve/SAer)a/(VE/SAET)H]
= (0.24 m*/day/15cm?)/(20 m®/day/200cm?)

=0.16
where: RGDREr = regional gas deposition ratio in the extrathoracic region
Ve = minute volume in rats (Vg)a or humans (Vg)u
SAeT = extrathoracic surface area in rats (SAgt)a or humans (SAgt)n
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The rat NOAEL ap; was multiplied by the RGDRgr to yield a NOAEL wec of 0.57 ppm, as follows:

NOAELHEC NOAELADJ X RGDRET
3.54 ppm x 0.16

0.57 ppm

For the testicular lesions in mice, 1,4-DCB exhibited the effect outside of the respiratory tract and
consequently is treated as a category 3 gas for purposes of calculating the HEC. The HEC for
extrarespiratory effects produced by a category 3 gas is calculated by multiplying the duration-adjusted
LOAEL by the ratio of blood:gas partition coefficients (Hy) in animals and humans (EPA 1994Kk). Hyyg
values were not available for 1,4-DCB in rats and humans. Using a default value of 1 for the ratio of
partition coefficients, the NOAELyec is 3.55 ppm, as follows:

NOAELHec (NOAELAapy) X [(Hoig)mouse ! (Horg)ruman],

3.55 ppm x [1] = 3.55 ppm

As derived above, the HECs corresponding to the NOAELS for the nasal lesions in rats and testicular
lesions in mice are 0.57 and 3.55 ppm, respectively. The lower of these NOAEL ec values was selected
as the basis for the MRL. The NOAELyec of 0.57 ppm for nasal effects in rats was divided by a total
uncertainty factor of 30 to calculate the MRL. This uncertainty factor is comprised of component factors
of 3 for interspecies extrapolation and 10 for human variability. A 3-fold uncertainty factor was used
instead of a default 10-fold factor to extrapolate from rats to humans, because the dosimetry adjustment
(i.e., calculation of the human equivalent exposure for time and concentration [NOAELec]) addresses
one of the two areas of uncertainty encompassed in an interspecies extrapolation factor. The dosimetric
adjustment addresses the pharmacokinetic component of the extrapolation factor, but the pharmaco-
dynamic area of uncertainty remains as a partial factor for interspecies uncertainty. Dividing the

0.57 ppm NOAEL ec by the uncertainty factor of 30 yields an MRL of 0.02 ppm for chronic-duration
inhalation exposure to 1,4-DCB. As discussed in Appendix A, this MRL is consistent with an MRL of

0.01 ppm calculated using benchmark dose analysis of the rat nasal lesion incidence data.

Oral MRLs

1,2-Dichlorobenzene.

e An MRL of 0.8 mg/kg/day has been derived for acute-duration (<14 days) oral exposure to
1,2-DCB.
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Information on effects of acute oral exposure to sublethal doses of 1,2-DCB consists of findings in three
systemic toxicity studies in rats and mice and one developmental toxicity study in rats (NTP 1985;
Rimington and Ziegler 1963; Robinson et al. 1991; Ruddick et al. 1983). These studies administered the
compound by gavage and collectively identify the liver as the most sensitive target. Severe liver damage,
characterized by intense necrosis and fatty changes as well as porphyria, occurred in rats administered
455 mg/kg/day for 15 consecutive days (Rimington and Ziegler 1963). Rats that were exposed to

300 mg/kg/day for 10 consecutive days had hepatic effects that included necrosis and increased serum
ALT (Robinson et al. 1991). Hepatocellular degeneration and necrosis occurred in mice that were
exposed to 250 or 500 mg/kg/day for 14 consecutive days (NTP 1985). The 15-day rat and 14-day mouse
studies are limited by small numbers of animals (3-5 per dose) and lack of a NOAEL due a single dose
level (Rimington and Ziegler 1963) or lack of histopathology evaluations at doses lower than the LOAEL
(NTP 1985). The 10-day study (Robinson et al. 1991) is the most appropriate basis for MRL derivation
because it is well designed, included four dose levels, and provides dose-response data for several hepatic

end points.

In the Robinson et al. (1991) study, groups of 10 male and 10 female Sprague-Dawley rats were treated
with 1,2-DCB in corn oil by gavage at doses of 0, 37.5, 75, 150, or 300 mg/kg/day for 10 consecutive
days. The doses were selected on the basis of a reported rat oral LDs, 0of 500 mg/kg. End points
evaluated during the study included clinical signs, body weight, and food and water consumption.
Evaluations at the end of the exposure period included hematology (5 indices), serum chemistry (9 indices
including aspartate AST, ALT, LDH, cholesterol, blood urea nitrogen, and creatinine), and selected organ
weights (brain, liver, spleen, lungs, thymus, kidneys, adrenal glands, heart, and testes or ovaries).
Histological examinations were performed on various tissues including liver, kidneys, urinary bladder,
heart, skin, muscle, bone, respiratory tract (nasal cavity with turbinates, lungs), nervous system (brain,
sciatic nerve), immunological (spleen, thymus, lymph nodes), gastrointestinal (duodenum, ileum,
jejunum, salivary gland, colon, cecum, rectum), endocrine (adrenal glands, pancreas), and reproductive
(testes, seminal vesicles, prostate, ovaries) in the high-dose and control groups. Target organs identified

in the high-dose group were also histologically evaluated at the lower dose levels.

No clinical signs or effects on survival were observed (Robinson et al. 1991). Body weight gain was
significantly reduced in the male rats at 300 mg/kg/day (final body weights were 10.9% lower than
controls), but not in females, and there were no exposure-related changes in food consumption in either

sex. Statistically significant changes in organ weights predominantly occurred at 300 mg/kg/day,
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including significantly decreased absolute spleen weight in both sexes, and decreased absolute heart,
kidney, thymus, and testes weights in males. Liver weight (relative and absolute) was significantly
increased in females at >150 mg/kg/day and males at 300 mg/kg/day. Clinical chemistry findings
included significantly increased serum ALT in both sexes at 300 mg/kg/day and serum phosphorus in
females at >150 mg/kg/day. Serum cholesterol was significantly increased in females at

>37.5 mg/kg/day, but the toxicological significance is unclear because the values were similar at all dose
levels and showed no dose-response. Histopathological findings were limited to the liver and included
necrosis that was slight in severity and significantly (p=0.04) increased in males at 300 mg/kg/day

(4/10 compared to 0/10 in controls; incidences in other groups not reported but assumed to be 0/10).
Incidences of other hepatic lesions were not significantly increased, but included inflammation
(characterized by lymphocyte and macrophage infiltrates) and degeneration of hepatocytes (characterized
by varying degrees of fibrillar or vacuolated cytoplasm and swelling with intact cell membranes). This
study identified a NOAEL of 75 mg/kg/day and a minimal LOAEL of 150 mg/kg/day for increased liver

weight in female rats, as well as a LOAEL of 300 mg/kg/day for liver necrosis in male rats.

The 75 mg/kg/day NOAEL for increased liver weight (Robinson et al. 1991) was used as the basis for the
acute-duration oral MRL for 1,2-DCB. The NOAEL was divided by an uncertainty factor of 100 (10 for
animal to human extrapolation and 10 for human variability) to derive an MRL of 0.8 mg/kg/day. As
discussed in Appendix A, this MRL is consistent with an MRL of 0.4 mg/kg/day based on benchmark

dose analysis of the liver weight data.

e An MRL of 0.4 mg/kg/day has been derived for intermediate-duration (15-364 days) oral
exposure to 1,2-DCB.

Information on effects of intermediate-duration oral exposure to 1,2-DCB is available from three
subchronic studies in rats and mice identifying the liver as the most sensitive target of toxicity
(Hollingsworth et al. 1958; NTP 1985; Robinson et al. 1991). Incidences of degenerative liver lesions
were significantly increased in rats exposed to 250-500 mg/kg/day for >13 weeks (Hollingsworth et al.
1958; NTP 1985; Robinson et al. 1991) and mice exposed to 250 mg/kg/day for 13 weeks (NTP 1985).
Necrotic lesions occurred in several rats at 125 mg/kg/day (1/10 males, 3/10 females), but the increase
was not statistically significant (NTP 1985). Other hepatic findings in rats exposed to lower doses (125-
188 mg/kg/day for >13 weeks) included increases in relative liver weight and serum levels of ALT,
cholesterol, serum protein, and decreases in serum triglycerides. Increased serum ALT is an inconsistent
finding because it was induced in rats exposed to >100 mg/kg/day for 90 days (Robinson et al. 1991), but
not in rats exposed to >125 mg/kg/day for 13 weeks (NTP 1985). Additionally, the increase in serum
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ALT was not dose-related, and serum levels of other liver-associated enzymes were not increased in
either the Robinson et al. (1991) study (AST, LDH, and AP) or the NTP (1985) study (AP and GGTP).
The lowest LOAEL is 125 mg/kg/day, which is a minimal LOAEL for increased liver weight in rats in the
NTP (1985) study.

In the NTP (1985) study, groups of 10 male and 10 female F344 rats and 10 male and 10 female

B6C3F1 mice were administered 1,2-DCB in doses of 0, 30, 60, 125, 250, or 500 mg/kg/day for

5 days/week for 13 weeks. Histology examinations of the liver were limited to the control and three
highest dose groups. Degenerative lesions were significantly (p<0.05) increased in both species at

>250 mg/kg/day. Changes in the rats included necrosis of individual hepatocytes at >250 mg/kg/day and
centrilobular degeneration at 500 mg/kg/day; total incidences of these lesions at 0, 125, 250, and

500 mg/kg/day were 0/10, 1/10, 4/9, and 8/10 in males, and 0/10, 3/10, 5/10, and 7/8 in females. Relative
liver weights were significantly increased 8, 17, and 45% in males in the 125, 250, and 500 mg/kg/day
groups, respectively, and 8, 15, and 30% in females in the 125, 250, and 500 mg/kg/day groups,
respectively; increased relative liver weights were not seen at lower doses of either sex. There were no
increases in serum levels of liver enzymes [ALT, AP, or GGPT] at any dose in either sex. Serum
cholesterol was significantly increased in males at >30 mg/kg/day (50.0, 17.6, 26.5, 70.6, and 109%
higher than controls in the low to high dose groups; not significant at 60 mg/kg/day) and females at

>125 mg/kg/day (12.2, 12.2, 32.6, 26.5, and 51.0%). Although increases in serum cholesterol were
observed at doses as low as 30 mg/kg/day, the toxicological significance is unclear because there was no
clear dose-response. Urinary concentrations of uroporphyrin and coproporphyrin were 3-5 times higher
than controls in the 500 mg/kg/day males and females, but this increase was not considered indicative of
porphyria because total porphyrin concentration in the liver was not altered at any dose level and no
pigmentation indicative of porphyria was observed by ultraviolet light at necropsy. The 125 and

60 mg/kg/day doses are the LOAEL (minimal) and NOAEL, respectively, for hepatic effects in rats based

on the increases in liver weight in both sexes.

In the mice, no compound-related histopathological changes were observed in either sex at 0 and

125 mg/kg/day or in females at 250 mg/kg/day. Lesions that were significantly increased included
necrosis of individual hepatocytes, hepatocellular degeneration and/or pigment deposition in 4/10 males
at 250 mg/kg/day, and centrilobular necrosis, necrosis of individual hepatocytes, and/or hepatocellular
degeneration in 9/10 males and 9/10 females at 500 mg/kg/day. Relative liver weights were significantly

increased at 500 mg/kg/day in both sexes, but there were no exposure-related changes in serum levels of
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ALT, AP, or GGPT in either sex at any dose (no other clinical chemistry indices were examined in the

mice).

The 60 mg/kg/day NOAEL for increased liver weight in rats (NTP 1985) was used as the basis for the
MRL. The NOAEL was first adjusted for the intermittent experimental exposure (5 days/7 days) to give a
duration-adjusted dose (NOAELap;) of 42.9 mg/kg/day. The NOAELap; was divided by an uncertainty
factor of 100 (10 for animal to human extrapolation and 10 for human variability) to derive an
intermediate-duration oral MRL of 0.4 mg/kg/day for 1,2-DCB. As discussed in Appendix A, this MRL
is consistent with an MRL of 0.2 mg/kg/day calculated using benchmark dose analysis of the rat liver

lesion incidence data.

e An MRL of 0.4 mg/kg/day has been derived for chronic-duration (>365 days) oral exposure to
1,2-DCB.

One chronic oral toxicity study of 1,2-DCB is available. In this study groups of F344/N rats
(50/sex/group) and B6C3F; mice (50/sex/group) were administered 1,2-DCB in corn oil by gavage in
doses of 0, 60, or 120 mg/kg/day for 5 days/week for 103 weeks (NTP 1985). Evaluations included
clinical signs, body weight, and necropsy and histology on all animals. Organ weight and clinical
chemistry indices were not assessed. The only exposure-related effect in either species was a
significantly increased incidence of renal tubular regeneration in the male mice. This lesion showed a
dose-related trend, and was statistically significantly elevated in high-dose animals, but not in low-dose
animals. The NOAEL for the lesion was therefore 60 mg/kg/day, and the LOAEL was 120 mg/kg/day.

Because exposure occurred only 5 days/week, the NOAEL was duration-adjusted as follows:

NOAEL ap; (NOAEL) (5 days/7 days)
(60 mg/kg/day) (5/7)

43 mg/kg/day

The MRL of 0.4 mg/kg/day was derived by dividing the NOAEL ap; by an uncertainty factor of

100 (10 for extrapolation from animals to humans and 10 for human variability). This value is consistent
with an MRL of 0.3 mg/kg/day derived using benchmark dose analysis of the mouse kidney incidence
data. It is noteworthy that the value of the chronic oral MRL is the same as that for the intermediate-
duration MRL.
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1,3-Dichlorobenzene.

¢ An MRL of 0.4 mg/kg/day has been derived for acute-duration (<14 days) oral exposure to
1.3-DCB.

The acute oral database for 1,3-DCB consists of one short-term toxicity study in which groups of 10 male
and 10 female Sprague Dawley rats were administered gavage doses of 0, 37, 147, 368, or 735 mg/kg/day
in corn oil for 10 consecutive days (McCauley et al. 1995). End points evaluated during the study
included clinical signs, survival, body weight, and food and water consumption. At the end of the study,
blood was collected for hematology and serum chemistry analyses (erythrocytes, leukocytes, hemoglobin,
hematocrit, mean corpuscular volume, glucose, BUN, creatinine, AP, AST, ALT, cholesterol, LDH, and
calcium levels), and selected organs were weighed (brain, liver, spleen, lungs with lower half of trachea,
thymus, kidneys, adrenal glands, heart, and gonads). Gross pathology was evaluated in all animals, and
comprehensive histological examinations were performed in the high dose and control groups; histology
in the lower dose groups was limited to the liver. Inflammatory and degenerative lesions were graded on

a relative scale from one to four depending on the severity (minimal, mild, moderate, or marked).

No compound-related deaths or overt clinical signs were observed (McCauley et al. 1995). Body weight
was significantly reduced in both sexes at 735 mg/kg/day (20 and 13% lower than controls in males and
females, respectively). Food consumption was significantly decreased at 735 mg/kg/day in males (12%,
normalized by body weight), and water consumption was significantly increased (8-13%) in females at
>735 mg/kg/day. The hematological evaluation showed 8% decreased MCV in females at

735 mg/kg/day. The clinical chemistry analyses showed statistically significant changes in several
indices, but serum cholesterol was the only end point that had values that exceeded the reference range.
Serum cholesterol was significantly increased in females at 368 and 735 mg/kg/day (94 and 63% higher
than controls, respectively), as well as in males at 368 and 735 mg/kg/day (79 and 84% higher than
controls, respectively). Relative organ weight changes included significantly increased liver weight in
males at >147 mg/kg/day and females at >368 mg/kg/day, decreased spleen weight in females at

>368 mg/kg/day and males at 735 mg/kg/day, decreased thymus weight in both sexes at 735 mg/kg/day,
and decreased testes weight in males at 735 mg/kg/day. Absolute organ weights were not reported.
Histological changes primarily occurred in the liver, particularly centrilobular hepatocellular degeneration
at >368 mg/kg/day. This lesion was characterized by varying degrees of cytoplasmic vacuolization and
swelling with intact membranes, and occurred in the 368 and 735 mg/kg/day groups in 2/10 and

9/10 males, respectively, and 6/10 and 10/10 females, respectively; incidences in the other groups were
not reported but are presumed to be 0/10. Other hepatic alterations included hepatocellular necrosis that
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was sporadically noted in the 147, 368, and 735 mg/kg/day groups. This change was usually minimal to
mild, and was reported to increase in incidence and severity in the males in a dose-related manner;
however, incidences were not reported. The only other reported histological change was atrophy of the
thymus, characterized by loss of normal differentiation between medulla and cortex. The thymic atrophy
was observed in 2/10 males (both marked in severity) and 2/9 females (both mild in severity) at

735 mg/kg/day; this change was not observed in controls, and the other dosed groups were not examined.
The 147 mg/kg/day dose is the LOAEL (minimal) for liver effects based on the liver weight increase in
male rats. The NOAEL for increased liver weight is 37 mg/kg/day.

The 37 mg/kg/day NOAEL for increased liver weight in rats (McCauley et al. 1995) was used as the basis
for the MRL. The NOAEL was divided by an uncertainty factor of 100 (10 for animal to human
extrapolation and 10 for human variability) to derive an intermediate-duration oral MRL of 0.4 mg/kg/day
for 1,2-DCB. As discussed in Appendix A, benchmark dose analysis of the liver weight data yielded an
MRL of 0.5 mg/kg/day.

e An MRL of 0.03 mg/kg/day has been derived for intermediate-duration (15-364 days) oral
exposure to 1,3-DCB.

The database for intermediate-duration oral exposure to 1,3-DCB consists of one subchronic toxicity
study in which groups of 10 male and 10 female Sprague Dawley rats were administered gavage doses of
0,9, 37, 147, or 588 mg/kg/day in corn oil for 90 consecutive days (McCauley et al. 1995). End points
evaluated during the study included clinical signs and mortality, body weight, and food and water
consumption. At end of the exposure period, blood was collected for hematology and serum chemistry
analyses (erythrocytes, leukocytes, hemoglobin, hematocrit, mean corpuscular volume, glucose, BUN,
creatinine, AP, AST, ALT, cholesterol, LDH, and calcium levels), selected organs were weighed (brain,
liver, spleen, lungs with lower half of trachea, thymus, kidneys, adrenal glands, heart, and gonads), and
gross pathology was assessed. Histological examinations were performed on all tissues that were
examined grossly in all high-dose rats and in one-half of control rats, as well as in the liver, thyroid, and
pituitary glands from all animals in the 9, 37, and 147 mg/kg/day dose groups. Inflammatory and
degenerative lesions were graded on a relative scale from one to four depending on the severity (minimal,

mild, moderate, or marked).
No compound-related deaths or overt clinical signs were observed (McCauley et al. 1995). Body weight

was reduced in both sexes at 588 mg/kg/day (24 and 10% lower than controls in males and females,
respectively). The decreased weight gain was progressive throughout the exposure period and occurred
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despite increased food and water consumption in the same groups. Other effects included increased
relative kidney weight in males at >147 mg/kg/day and females at 588 mg/kg/day, but there were no renal
histopathological changes in any of the exposed animals. Hematological alterations consisted of
significant increases in leukocyte levels in males at 147 mg/kg/day and females at 588 mg/kg/day, and in
erythrocyte levels in males at 588 mg/kg/day. As discussed below, histopathology and serum chemistry

findings indicated that the thyroid, pituitary, and liver were the most sensitive targets of toxicity.

Thyroid effects included significantly (p<0.05) increased incidences of reduced colloidal density in
follicles that exceeded normal variability in male rats at >9 mg/kg/day and female rats at >37 mg/kg/day
(control to high dose group incidences of 2/10, 8/10, 10/10, 8/9, and 8/8 in males, and 1/10, 5/10, 8/10,
8/10, and 8/9 in females) (McCauley et al. 1995). Depletion of colloid density in the thyroid was
characterized by decreased follicular size with scant colloid and follicles lined by cells that were cuboidal
to columnar. The severity of the colloid density depletion generally ranged from mild to moderate,
increased with dose level, and was greater in males than females. Incidences of male rats with thyroid
colloidal density depletion of moderate or marked severity were significantly increased at

>147 mg/kg/day (0/10, 0/10, 2/10, 5/9, and 6/8).

Pituitary effects included significantly (p<0.05) increased incidences of cytoplasmic vacuolization in the
pars distalis in male rats at >147 mg/kg/day (2/10, 6/10, 6/10, 10/10, and 7/7). The vacuoles were
variably sized, irregularly shaped, and often poorly defined, and the severity of the lesions (i.e., number of
cells containing vacuoles) ranged from minimal to mild and generally increased with increasing dose
level. Incidences of male rats with pituitary cytoplasmic vacuolization of moderate or marked severity
were significantly increased at 588 mg/kg/day (1/10, 0/10, 2/10, 3/9, and 7/7). The pituitary lesion was
reported to be similar to "castration cells” found in gonadectomized rats and considered to be an indicator
of gonadal deficiency. No compound-related pituitary lesions were observed in female rats. Serum
cholesterol was significantly increased in males at >9 mg/kg/day and in females at >37 mg/kg/day in a
dose-related manner, and serum calcium was significantly increased in both sexes at >37 mg/kg/day. The
investigators suggested that these serum chemistry changes might reflect a disruption of hormonal
feedback mechanisms, or target organ effects on the pituitary, hypothalamus, and/or other endocrine

organs.
Hepatic effects occurred in both sexes at 147 and 588 mg/kg/day, including significantly increased

relative liver weight and incidences of liver lesions (McCauley et al. 1995). Absolute organ weights were

not reported. Liver lesions were characterized by inflammation, hepatocellular alterations (eosinophilic
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homogeneous inclusions), and hepatocellular necrosis. Liver lesions that were significantly (p<0.05)
increased included hepatocellular cytoplasmic alterations of minimal to mild severity in males at

>147 mg/kg/day (1/10, 2/10, 1/10, 6/10, and 7/9) and females at 588 mg/kg/day (0/10, 2/10, 0/10, 1/10,
and 7/9), and necrotic hepatocyte foci of minimal severity at 588 mg/kg/day in both males (1/10, 2/10,
1/10, 2/10, and 5/9) and females (0/10, 0/10, 0/10, 3/10, and 5/9). Other statistically significant liver-
associated effects included significantly increased serum AST levels (90-100% higher than controls) in
males at >9 mg/kg/day and females at >37 mg/kg/day. Serum cholesterol levels were significantly
increased in males at >9 mg/kg/day and females at >37 mg/kg/day, but might be pituitary-related, as
indicated above. Serum LDH levels were reduced in males at >9 mg/kg/day and BUN levels were
reduced in both sexes at 588 mg/kg/day, but the biological significance of decreases in these indices is

unclear.

The lowest LOAEL in the McCauley et al. (1995) 90-day study is 9 mg/kg/day, which is the lowest tested
dose and a minimal LOAEL for thyroid effects. The 9 mg/kg/day minimal LOAEL was used as the basis
for the MRL. The LOAEL was divided by an uncertainty factor of 300 (3 for use of a minimal LOAEL,
10 for animal to human extrapolation, and 10 for human variability) to derive an intermediate-duration
oral MRL of 0.03 mg/kg/day for 1,3-DCB. As discussed in Appendix A, benchmark dose analysis of the
thyroid lesion incidence data also resulted in an MRL of 0.03 mg/kg/day.

No MRL was derived for chronic-duration oral exposure to 1,3-DCB due to a lack of chronic oral studies.

1,4-Dichlorobenzene. No acute-duration oral MRL was derived for 1,4-DCB due to insufficient data.
Information on effects of non-lethal acute-duration oral exposures to 1,4-DCB is essentially limited to
hepatic and renal changes of unclear toxicological significance observed in studies designed to elucidate
mechanisms of liver and kidney toxicity in rats and mice. Acute liver damage, as assessed by
histopathology and serum enzyme/biochemical indicators following gavage exposure, was not induced by
high levels of 1,4-DCB in rat given single doses of <2790 mg/kg (Allis et al. 1992), rats and mice given
single doses of <1,200 mg/kg/day (Eldridge et al. 1992), or rats and mice administered <300 and

<600 mg/kg/day, respectively, 5 days/week for 1 week (Lake et al. 1997). Porphyria, manifested as
increased porphyrin levels in liver and urine and suggestive of hepatic damage, was reported in rats that
were orally exposed to 770 mg/kg/day for 5 days (Rimington and Ziegler 1963). Although there was no
clear evidence of liver injury in acute studies, similar dose levels of 1,4-DCB are toxic following

intermediate- and chronic-duration exposures.
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Increased hepatocelluar proliferation, as measured by increased incorporation of bromodeoxyridine
(BrdU) or [*H]-thymidine into DNA-synthesizing liver cells, has been demonstrated in rats and mice at
doses >150 mg/kg/day in a number of single dose and short-term oral studies that found no histological or
other indications of overt liver damage (Eldridge et al. 1990, 1992; Hasmall et al. 1997; Lake et al. 1997;
Sherman et al. 1998; Umemura et al. 1992, 1996). The induction of liver cell proliferation in the absence
of manifest hepatoxicity suggests that the proliferation is a response to mitogenic stimulation rather than
compensatory regeneration to cytotoxicity. Cellular proliferation and other changes have also been
demonstrated in the kidney tubular epithelia of male rats, but not in female rats or mice of either sex,
following short-term oral exposures to doses >150 mg/kg/day (Eldridge et al. 1992; Lake et al. 1997;
Sherman et al. 1998; Umemura et al. 1992). The renal effects are consistent with the induction of
az,-globulin nephropathy in male rats by similar doses of 1,4-DCB in other acute oral studies
(Charbonneau et al. 1989; Dietrich and Swenberg 1991; Saito et al. 1996), but are not relevant to humans.
Induction of hepatic microsomal xenobiotic metabolizing enzymes appears to be the most sensitive effect
of acute/short-term exposure to 1,4-DCB (Elovaara et al. 1998). For example, oral exposure to doses as
low as 20 mg/kg/day for 14 days increased the activities of glucuronyl transferase, benzpyrene
hydroxylase, and enzymes involved in the detoxification of O-ethyl-O-nitrophenyl phenylphos-
phorothionate (EPN) in rats (Carlson and Tardiff 1976). Induction of hepatic microsomal enzymes is not

necessarily adverse, but does indicate that the liver is sensitive to relatively low doses of 1,4-DCB.

The toxicological significance of the hepatic microsomal enzyme changes is unclear and the information
on other liver effects is insufficient to identify a reliable NOAEL or LOAEL for acute/short-term oral
exposure to 1,4-DCB. The lack of adequate data on the threshold of adverse effects precludes derivation

of an MRL for acute duration oral exposure.

e An MRL of 0.1 mg/kg/day has been derived for intermediate-duration (15-364 days) oral
exposure to 1,4-DCB.

Information on the systemic toxicity of intermediate-duration oral exposure to 1,4-DCB is available from
a number of studies conducted in rodents, mainly rats and mice, as well as one study in dogs. Liver and
kidney effects are the most consistently observed, best characterized, and most sensitive findings in these
studies. The lowest observed adverse effect level is for liver toxicity in dogs, although reproductive and
developmental studies in rats indicate that offspring are particularly sensitive to 1,4-DCB toxicity during

the postnatal preweaning period.
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Hepatic effects induced by intermediate-duration oral exposures to 1,4-DCB ranged from increased liver
weight and hepatocyte enlargement to hepatocellular degeneration, lesions, necrosis, and tumors in rats,
mice, rabbits, and dogs. Increases in serum levels of enzymes and alterations in other end points (e.g.,
serum cholesterol and triglycerides) indicative of hepatocellular damage or liver dysfunction have also
been induced. Increased liver weight is the most sensitive hepatic end point in subchronic studies in rats,
observed at doses as low as 150 mg/kg/day for 4-13 weeks and 188 mg/kg/day for 192 days
(Hollingsworth et al. 1956; Lake et al. 1997; Umemura et al. 1998). There was no indication of early
liver damage in rats exposed to 150 mg/kg/day for 4 weeks using an immunohistochemical marker of
centrilobular hepatocyte injury (Umemura et al. 1998), and increases in liver porphyrins in rats exposed to
50-200 mg/kg/day for 120 days were not considered to be toxicologically significant (Carlson 1977).
Hepatocellular hypertrophy and decreased serum triglycerides occurred in rats exposed to

>300 mg/kg/day for 13 weeks (Lake et al. 1997; NTP 1987). Higher dose levels of 1,4-DCB induced
degenerative liver lesions in rats exposed to 376 mg/kg/day for 192 days (slight cirrhosis and focal
necrosis) (Hollingsworth et al. 1956) or 1,200 mg/kg/day for 13 weeks (hepatocyte degeneration and
necrosis) (NTP 1987). In mice, hepatocellular degeneration was induced at doses >600 mg/kg/day for
13 weeks (NTP 1987), and rabbits had cloudy swelling and minimal focal necrosis in the liver after
exposure to 500 mg/kg/day for 367 days (Hollingsworth et al. 1956). Dogs are more sensitive to hepatic
effects of 1,4-DCB than other species based on increases in liver weight, serum enzymes, and

histopathology following exposure to doses as low as 50 mg/kg/day for 1 year (Naylor and Stout 1996).

Kidney effects, including collecting duct epithelial vacuolation, are additional effects of 1,4-DCB in dogs
exposed to >50 mg/kg/day for 1 year (Naylor and Stout 1996). Renal changes, including hyaline droplet
accumulation, increased kidney weights, and tubular lesions, are characteristically observed effects of
subchronic and chronic oral exposure to 1,4-DCB in male rats at doses >75 mg/kg/day (Bomhard et al.
1988; Lake et al. 1997; NTP 1987). These findings are not considered for MRL derivation because there
is a scientific consensus that they are related to the ay,-globulin nephropathy syndrome, which is specific
to male rats and not relevant to humans. Subchronic studies in female rats found increased kidney
weight, but no indications of nephrotoxic action (i.e., no histopathology or effects on urinary indices of
renal function), following exposure to >188 mg/kg/day for 192 days or 600 mg/kg/day for 13 weeks
(Bomhard et al. 1988; Hollingsworth et al. 1956).

Developmental toxicity studies provide no indications that 1,4-DCB is teratogenic in rats at oral doses as

high as 1,000 mg/kg/day during gestation, although fetotoxicity occurred at maternally toxic levels
>500 mg/kg/day (Giavini et al. 1986; Ruddick et al. 1983). Decreased maternal weight gain and
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increased incidences of extra ribs, a skeletal variation attributable to the maternal toxicity, occurred in rats
at gestational dose levels >500 mg/kg/day, but not at 250 mg/kg/day (Giavini et al. 1986). Ina
2-generation study, reproductive and developmental toxicity were evaluated in male and female rats that
were orally exposed to 30, 90, or 270 mg/kg/day of 1,4-DCB (Bornatowicz et al. 1994). No effects on
mating and fertility indices were observed at any level, although toxicity occurred in the offspring at
doses >90 mg/kg/day. Effects at >90 mg/kg/day included reduced birth weight in F, pups and increased
total number of deaths from birth to postnatal day 4 in Fyand F, pups, clinical manifestations of dry and
scaly skin (until approximately postnatal day 7) and tail constriction with occasional partial tail loss
(during postnatal days 4-21) in F, and F, pups, reduced neurobehavioral performance (draw-up reflex
evaluated at weaning) in F, pups, and increased relative liver weight in adult F; males. No exposure-
related changes were found at 30 mg/kg/day, indicating that this is the NOAEL for reproductive and

developmental toxicity in rats.

As discussed above, liver, kidney, and perinatal developmental toxicity are main effects of concern for
intermediate-duration oral exposure to 1,4-DCB in animals. The dog is the most sensitive tested species,
as liver and kidney effects were induced by exposure to doses as low as 50 mg/kg/day for 1 year (Naylor
and Stout 1996), which is below subchronic LOAELSs of approximately 150-200 mg/kg/day for these
effects in rats and mice. The 2-generation study in rats demonstrates that oral exposure to 1,4-DCB can
cause perinatal developmental toxicity, including reduced birth weight and neonatal survival in F;and

F, pups, at doses >90 mg/kg/day (Bornatowicz et al. 1994). Although this finding indicates that perinatal
developmental toxicity is an additional sensitive end point for 1,2-DCB exposure, the lower 50 mg/kg/day

hepatotoxicity LOAEL in dogs (Naylor and Stout 1996) is a more appropriate basis for MRL derivation.

Information on the Naylor and Stout (1996) dog study was obtained from an EPA Data Evaluation
Record summary of the original unpublished Monsanto Company report. In this study, groups of

five male and five female Beagle dogs were orally administered 1,4-DCB by capsule at doses of 0, 10, 50,
or 75 mg/kg/day for 1 year. Based on the summarized design of a 4-week dose range-finding study, it is
presumed that dosing was 5 days/week. The 75 mg/kg/day dose is a time-weighted average reflecting
dose decreases at the beginning of the study in response to unexpected severe toxicity. An initial high
dose of 150 mg/kg/day was adjusted to 100 mg/kg/day for males during week 3, and a further decrease to
75 mg/kg/day was made for both sexes at the beginning of week 6. Both high dose males and females
were untreated during weeks 4 and 5 to allow for recovery. Study end points included clinical
observations, body weight, food consumption, ophthalmoscopic examination, hematology (11 indices,

including activated partial thromboplastin time, at months 6 and 12), clinical chemistry (18 indices,
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including ALT, AST, GGTP, AP, and creatinine phosphokinase, at months 6 and 12), urinalysis
(10 indices), organ weights, gross pathology, and histology.

Mortality occurred the first 25 days of the study before dose reduction; exposure to 150 mg/kg/day caused
one male dog to be sacrificed in extremis on day 12, one male death on day 25, and one female death on
day 24 (Naylor and Stout 1996). A control male died on day 83, but all other dogs survived to the end of
the study. Treatment-related clinical signs were primarily limited to severely affected high-dose dogs and
the control male that died; these included hypoactivity, dehydration, decreased defecation, blood-like
fecal color, emesis, emaciation, and/or pale oral mucosa. There were no significant group differences in
mean body weight at the end of the study. Body weight gain was significantly reduced during the first
month of the study but recovered following dose reduction and adjustment of food availability. A mild
anemia was observed at month 6 (significantly reduced red blood cells in females and HCT in males) at
75 mg/kg/day, but it resolved by the end of the study. The mild anemia correlated with histologic
findings of bone marrow erythroid hyperplasia in females, and splenic excessive hematopoiesis and
megakaryocyte proliferation in both sexes, indicating a compensatory response to the earlier anemia.
Hepatic effects occurred at >50 mg/kg/day in both sexes as shown by changes in liver enzymes, increased
liver weight, and histopathology. Effects on serum levels of enzymes included significantly increased AP
(50 mg/kg/day males, and 50 and 75 mg/kg/day females, at months 6 and 12), ALT (75 mg/kg/day
females at month 12), and gamma-glutamyltranspeptidase (GGTP) (75 mg/kg/day females at months

6 and 12), and significantly decreased albumin (50 and 75 mg/kg/day in males at months 6 and 12, and
75 mg/kg/day females at month 6). Absolute and relative liver weights were significantly increased in
both sexes at 50 and 75 mg/kg/day (except absolute liver weight in 50 mg/kg/day males). Hepatic lesions
included hepatocellular hypertrophy (all males and females at 50 and 75 mg/kg/day, and one female at

10 mg/kg/day), hepatocellular pigment deposition (two males and one female each at 50 and

75 mg/kg/day), bile duct/ductule hyperplasia (one male and one female at 75 mg/kg/day), and hepatic
portal inflammation (periportal accumulation of neutrophils in an unspecified number of males at 50 and
75 mg/kg/day). Kidney effects included collecting duct epithelial vacuolation at 75 mg/kg/day in one
male and at all dose levels in females (one each at 10 and 50 mg/kg/day and two at 75 mg/kg/day). The
renal lesion was considered to be a possible effect of treatment at >50 mg/kg/day, because it was
accompanied by increased relative kidney weight in females at >50 mg/kg/day and grossly observed renal

discoloration in two females at 75 mg/kg/day.

The 50 mg/kg/day dose is the lowest LOAEL based on hepatic effects including increased liver weight,
changes in liver enzymes, and histopathology. The NOAEL is 10 mg/kg/day and was used as the basis
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for the MRL. The NOAEL was duration-adjusted to 7.1 mg/kg/day [(10 mg/kg/day) x (5/7)], then
divided by an uncertainty factor of 100 (10 for animal to human extrapolation and 10 for human

variability) to derive an intermediate-duration oral MRL of 0.07 mg/kg/day for 1,4-DCB.

No MRL was derived for chronic-duration oral exposure to 1,4-DCB due to insufficient data.
Information on the chronic oral effects of 1,4-DCB is available from one study each in rats, mice, and
rabbits. Observed effects included nephropathy in rats (including tubular degeneration and atrophy in
females) exposed to >150 mg/kg/day on 5 days/week for 103 weeks (NTP 1987), hepatocellular
degeneration and nephropathy in mice exposed to >300 mg/kg/day on 5 days/week for 103 weeks (NTP
1987), and cloudy swelling and minimal focal necrosis in rabbits exposed to 500 mg/kg/day in 263 doses
in 367 days (Hollingsworth et al. 1956). The lowest chronic LOAEL in these studies was 150 mg/kg/day
for kidney effects in rats (NTP 1987). Derivation of a chronic oral MRL is precluded by the evidence for
liver and kidney effects in dogs at doses as low as 50 mg/kg/day for 1 year in the less than chronic length
study (Naylor and Stout 1996) used to derive the intermediate-duration MRL, suggesting that additional

chronic data are necessary to identify an appropriate chronic NOAEL for use in MRL derivation.
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3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of dichlorobenzenes
(DCBs). It contains descriptions and evaluations of toxicological studies and epidemiological
investigations and provides conclusions, where possible, on the relevance of toxicity and toxicokinetic

data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELS) or lowest-
observed-adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the studies.
LOAELSs have been classified into "less serious" or “serious™ effects. "Serious" effects are those that
evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress
or death). "Less serious" effects are those that are not expected to cause significant dysfunction or death,
or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an end point should be
classified as a NOAEL, "less serious” LOAEL, or "serious" LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR

believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between
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"less serious™ and "serious” effects. The distinction between "less serious” effects and "serious" effects is
considered to be important because it helps the users of the profiles to identify levels of exposure at which
major health effects start to appear. LOAELs or NOAELSs should also help in determining whether or not
the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELS) or exposure levels below which no
adverse effects (NOAELSs) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of DCBs are
indicated in Tables 3-1 and 3-5 and in Figures 3-1 and 3-5.

Estimates of exposure levels posing minimal risk to humans (MRLs) have been made for DCBs. An
MRL is defined as an estimate of daily human exposure to a substance that is likely to be without an
appreciable risk of adverse effects (noncarcinogenic) over a specified duration of exposure. MRLs are
derived when reliable and sufficient data exist to identify the target organ(s) of effect or the most sensitive
health effect(s) for a specific duration within a given route of exposure. MRLSs are based on
noncancerous health effects only and do not consider carcinogenic effects. MRLs can be derived for
acute, intermediate, and chronic duration exposures for inhalation and oral routes. Appropriate

methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990d),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development
or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.
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A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

3.2.1 Inhalation Exposure

Descriptive data are available from reports of humans exposed to 1,2- and 1,4-DCB by inhalation (and
possibly dermal contact). It is important to note that the case studies discussed in this section should be
interpreted with caution since they reflect incidents in which individuals have reportedly been exposed to
1,2- and 1,4-DCB, and they assume that there has been no other exposure to potentially toxic or infectious
agents. There is usually little or no verification of these assumptions, and often no estimate of the level of
exposure which may have occurred. With only rare exceptions, case studies in general are not
scientifically equivalent to carefully designed epidemiological studies or to adequately controlled and
monitored laboratory experiments. Thus, the case studies described below should be considered only as
providing supplementary evidence that 1,2- and 1,4-DCB may cause the reported human effects. The
highest NOAEL and all reliable LOAEL values after inhalation exposure to 1,2- and 1,4-DCB are
recorded in Tables 3-1 and 3-2, respectively, and plotted in Figures 3-1 and 3-2, respectively. No LSE

tables or figures were generated for 1,3-DCB due to a lack of inhalation data.

3.2.1.1 Death

1,2-Dichlorobenzene. No studies were located regarding death in humans following inhalation exposure
to 1,2-DCB.

Inhalation LCsq values of 1,532 and 1,236 ppm were determined for rats and mice, respectively, that were
exposed to 1,2-DCB for 6 hours and observed for the following 14 days (Bonnet et al. 1982). No
mortality was observed in rats that were exposed to 1,2-DCB in concentrations of 977 ppm for 0.5-1 hour
or 539 ppm for 3 hours (Hollingsworth et al. 1958).

1,3-Dichlorobenzene. No studies were located regarding death in humans or animals following

inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. Only one report of human death attributed to 1,4-DCB inhalation exposure has

been located in the literature. A 60-year-old man and his wife died within months of each other due to
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Table 3-1 Levels of Significant Exposure to 1,2-Dichlorobenzene - Inhalation

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
ACUTE EXPOSURE
Death
6 hrs Bonnet et al. 1982
1 Rat 1532 M (14-day LC50)
(Sprague- 1,2-dichlorobenzene
Dawley)
6 hrs Bonnet et al. 1982
2 Mouse 1236 (14-day LC50)
(Sprague- 1,2-dichlorobenzene
Dawley)
Systemic
3 Rat 4 hr Brondeau et al. 1990
Hemato 29 M .
(Sprague- 1,2-dichlorobenzene
Dawley)
4 Rat 10d . DuPont 1982
6 h/d Hepatic 322 )
(NS) 1,2-dichlorobenzene
Renal 322
Bd Wt 322  (slight body weight loss)
5 Rat 10d ) Hayes et al. 1985
Gd 6-18 Bd Wt 100 F (reduced maternal body weight

(Fischer- 344) 6 hr/d

gain throughout gestation)

1,2-dichlorobenzene
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Table 3-1 Levels of Significant Exposure to 1,2-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
6 Rat 0.5 hr . Hollingsworth et al. 1958
) Hepatic 977 M (marked central lobular .
(albino) (NS) necrosis) 1,2-dichlorobenzene
Renal 977 M (cloudy swelling of tubular
epithelium)
7 Rat 1hr ) Hollingsworth et al. 1958
) Hepatic 977 M (marked central lobular )
(albino) (NS) necrosis) 1,2-dichlorobenzene
Renal 977 M (cloudy swelling of tubular
epithelium)
8 Rat 3hr Hollingsworth et al. 1958
. Hepatic 539 M .
(albino) (NS) 1,2-dichlorobenzene
Renal 539 M
9 Rat 6.5 hr . Hollingsworth et al. 1958
. Hepatic 539 M )
(albino) (NS) 1,2-dichlorobenzene
Renal 539 M

S103443 H1TV3IH '€

S3IN3IZN3I90HOTHOIA

6v



»+LNFNWOD O1719Nd HOH LAVHQsxx

Table 3-1 Levels of Significant Exposure to 1,2-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
4-14d Zissu 1995
10 Mouse 5 d/iwk Resp 64 M (moderate to severe nasal )
6 h/d olfactory epithelial lesions) 1,2-dichlorobenzene
(NS)
1 Rabbit 13d . . Hayes et al. 1985
Gd 6-18 Bd Wt 100 F (slight maternal body weight .
(New 6 hr/d loss on Gd 6-8 followed by 1,2-dichlorobenzene
Zealand) recovery)
Reproductive
12 Rat 10d 400 F Hayes et al. 1985
(Fischer- 344) gﬂr%m 1,2-dichlorobenzene
13 Rabbit 13d Hayes et al. 1985
Gd 6-18 400 F .
(New 6 hr/d 1,2-dichlorobenzene
Zealand)
Developmental
14 Rat 10d 200 F 400 F (delayed icat ] cal Hayes et al. 1985
. elayed ossification of cervica
(Fischer- 344) 54 618 vertobral contra) 1,2-dichlorobenzene
15 Rabbit 13d Hayes et al. 1985
Gd 6-18 400 F .
(New 6 hr/d 1,2-dichlorobenzene
Zealand)
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Table 3-1 Levels of Significant Exposure to 1,2-Dichlorobenzene - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
INTERMEDIATE EXPOSURE
Systemic
16 Rat 2 generations . ) Bio/dynamics 1989
7 h/d Hepatic 50 150  (centrilobular hepatocellular )
(CD) 6 d/iwk hypertrophy in FO and F1 1,2-dichlorobenzene
adults)
Bd Wt 50 150  (reduced body weight gain in FO
and F1 adults)
17 Rat 6-7 mo Hollingsworth et al. 1958
; 5 diwk Resp 93 M .
(albino) 1,2-dichlorobenzene
7 h/d
(NS)
Cardio 93 M
Hepatic 93 M
Renal 93 M
Bd Wt 49 M 93 M (9.3% reduced body weight

gain)
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Table 3-1 Levels of Significant Exposure to 1,2-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
a Duration/
Key to Species Fre_q_uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
18 Mouse 6.5 mo R 49F Hollingsworth et al. 1958
esp
(NS) ? g%vk 1,2-dichlorobenzene
(NS)
Hepatic 49 F
Renal 49 F
Bd Wt 49F
19 Gn Pig 6-7 mo R 93 Hollingsworth et al. 1958
esp
(NS) ? g%vk 1,2-dichlorobenzene
(NS)
Cardio 93
Hepatic 93
Renal 93
Bd Wt 93
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Table 3-1 Levels of Significant Exposure to 1,2-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
a Duration/
Key to Species Fre_q_uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
20 Rabbit 6-7 mo R 93 Hollingsworth et al. 1958
. esp
(albino) ? g%‘/k 1,2-dichlorobenzene
(NS)
Cardio 93
Hemato 93
Hepatic 93
Renal 93
Bd Wt 93
Immuno/ Lymphoret
21 Rat 6-7 mo 93 Hollingsworth et al. 1958
(albino) ? g%‘/k 1,2-dichlorobenzene
(NS)
22 Gn Pig 6-7 mo Hollingsworth et al. 1958
NS 5 d/wk 93 M (20% reduced absolute spleen )
(NS) 7 hid weight) 1,2-dichlorobenzene
(NS)
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Table 3-1 Levels of Significant Exposure to 1,2-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
Reproductive
23 Rat 2 generations Bio/dynamics 1989
(CD) 7hid 394 1,2-dichlorobenzene
6 d/iwk ’
24 Rat 6-7 mo Hollingsworth et al. 1958
(albino) 5 diwk B3M 1,2-dichlorobenzene
7 hid ’
(NS)
25 Gn Pig 6-7 mo Hollingsworth et al. 1958
(albino) 5 diwk B3M 1,2-dichlorobenzene
7 h/d ’
(NS)

a = The number corresponds to entries in Figure 3-1.

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); F = Female; Gd = gestational day; Gn pig = guinea pig; hemato = hematological; hr = hour(s); LOAEL =
lowest-observed-adverse-effect level; M = male; mo = month(s); NOAEL = no-observed-adverse-effect level; NS = not specified; ppm = parts per million; Resp = respiratory; wk =

week(s)
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Figure 3-1. Levels of Significant Exposure to 1,2-Dichlorobenzene - Inhalation
Acute (<14 days)
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Figure 3-1. Levels of Significant Exposure to 1,2-Dichlorobenzene - Inhalation (Continued)
Intermediate (15-364 days)
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation

»+LNFNWOD O1719Nd HOH LAVHQsxx

Exposure/ LOAEL
Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
ACUTE EXPOSURE
Systemic
1 Human occupational b . Hollingsworth et al. 1956
P Resp 15M 30 M (nose and eye irritation) 160 M (severe intolerable nose and .g
(occup) eye irritation) 1,4-dichlorobenzene
2 Rat 10d Hodge et al. 1977
Gd 6 Resp 508.4 F ]
(Alderley- 15-6 hr/d 1,4-dichlorobenzene
Park) -
Cardio 508.4 F
Hepatic 508.4 F
Renal 508.4 F
Bd Wt 508.4 F
3 Rabbit 13d ) ) Hayes et al. 1985
Gd 6-18 Bd Wt 300 F 800 F (slight maternal body weight ]
(New 6 hr/d loss on Gd 6-8 followed by 1,4-dichlorobenzene
Zealand) recovery)
Reproductive
4 Rat 10d Hodge et al. 1977
(Alderle Gd 6-15 500 F i
y- 6 hr/d 1,4-dichlorobenzene
Park)
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
5 Rabbit 13d Hayes et al. 1985
Gd 6-18 800 F .
(New 6 hr/d 1,4-dichlorobenzene
Zealand)
Developmental
6 Rat 10d 508.4 F Hodge et al. 1977
(Alderley- gﬂ %1 5 ' 1,4-dichlorobenzene
Park) r
7 Rabbit 13d ) o Hayes et al. 1985
Gd 6-18 300 F 800 F (increased incidence of ]
(New 6 hr/d retroesophageal right 1,4-dichlorobenzene
Zealand) subclavian artery)
INTERMEDIATE EXPOSURE
Death
9-12 wk Hollingsworth et al. 1956
8 Ra 5 diwk 798 (2/19 males and 2/15 females N
(NS) 8 hr/d died) 1,4-dichlorobenzene
i 4-4.5 wk Hollingsworth et al. 1956
° C;”SP'Q 5 diwk 798 M (2/16 died) N
(NS) 8 hr/d 1,4-dichlorobenzene
i 12 wk Hollingsworth et al. 1956
10 Rabbit 5 dhwk 798 (3 males and 1 female died) 9
(NS) 8 hr/id 1,4-dichlorobenzene
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
Systemic
1 Rat 2-12 wk o » Hollingsworth et al. 1956
5 d/iwk Resp 798 F 173 M (slight interstitial edema, )
(NS) 7 or 8 hr/d alveolar hemorrhage) 1,4-dichlorobenzene
Cardio 173
Hepatic 173 F (slight liver congestion and 798  (cloudy swelling and central
granular degeneration) necrosis)
Renal 173  (increased relative kidney
weight)
Ocular 798  (eye irritation)
Bd Wt 173 798  (unquantitated weight loss)
12 Rat 5.1-7.1 mo Hollingsworth et al. 1956
5 d/wk Hemato 96 )
(NS) 7 hrld 1,4-dichlorobenzene
Hepatic 96 158 (increased relative liver weight;
cloudy swelling or degeneration
of parenchyma)
Renal 96 158 M (increased relative kidney
weight)
Bd Wt 341
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
13 Rat 2 generations Tyl and Neeper-Bradley 1989
Resp 21 538 .
(Sprague- 1,4-dichlorobenzene
Dawley)
C
Hepatic 66 M
Renal 538 F
Ocular 211 538 (encrustation of periocular
region; lacrimation)
d d
Bd Wt 66.3 M 211 M (decr. body weight in the male
FO group and in the F1 male
and females in the 5-week
211 F recovery study)
538 F
Other 211 538 (decreased grooming; unkempt

appearance; decr. food
consumption)
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
14 Mouse 5.1-7.1 mo Hepati 158 M Hollingsworth et al. 1956
epatic
(NS) ? g/r\//\(/jk P 1,4-dichlorobenzene
d
96 F
Renal 158 M
d
96 F
Bd Wt 158 M
d
96 F
15 Gn Pig 5.1-7.1 mo . ) o . L . ) Hollingsworth et al. 1956
5 d/wk Hepatic 96 158 F (increased relative liver weight) 341  (focal necrosis, slight cirrhosis )
(NS) 7 hr/d in males) 1,4-dichlorobenzene
Renal 341
Bd Wt 96 158  (slight depression in final body
weight)
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
16 Gn Pig 2-4.5 wk Hollingsworth et al. 1956
5 d/wk Resp 173 F (alveolar hemorrhage and .
(NS) 7 or 8 hr/d edema) 1,4-dichlorobenzene
Cardio 798
Hepatic 173 798  (cloudy swelling in the liver and
central necrosis)
Renal 798
Ocular 173 798  (eye irritation)
Bd Wt 173 798  (body weight loss, but not

quantified)
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
17 Rabbit 2-12 wk ) Hollingsworth et al. 1956
NS 5 d/wk Resp 173 F (lung congestion and interstitial 798  (emphysema in 2/8) .g
(NS) 7 or 8 hr/d edema) 1,4-dichlorobenzene
Hepatic 173 798  (cloudy swelling in the liver and
central necrosis)
Renal 798
Ocular 798  (eye irritation; reversible
nonspecific eye changes)
Bd Wt 173 798  (body weight depression, but
not quantitated)
Immuno/ Lymphoret
18 Gn Pig 12 wk 50 M Suzuki et al. 1991
(Hartley) 1,4-dichlorobenzene
Neurological
19 Rat 9-12 wk Hollingsworth et al. 1956
5 d/wk 798  (tremors, weakness, )
(NS) 8 hr/d unconsciousness) 1,4-dichlorobenzene
2 generation Tyl and Neeper-Bradley 1989
20 Rat g 211 538 (tremors and other signs of y P y

neurotoxity in FO and F1 adults) 1.4-dichlorobenzene
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation (continued)
Exposure/ LOAEL
a Duration/
Key to Species Fre_q_uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
21 Gn Pi 4-4.5 wk Hollingsworth et al. 1956
nrig 5 d/wk 798  (tremors, weakness, .g
(NS) 8 hr/d unconsciousness) 1,4-dichlorobenzene
22 Rabbit 12 wk Hollingsworth et al. 1956
5 d/wk 798  (tremors, weakness, )
(NS) 8 hr/d unconsciousness) 1,4-dichlorobenzene
Reproductive
23 Rat 5.1-7.1 mo 158 M Hollingsworth et al. 1956
(NS) ? g/r\//:/jk 1,4-dichlorobenzene
24 Rat 16d 173 M Hollingsworth et al. 1956
(NS) ? g/r\;ék 1,4-dichlorobenzene
25 Rat 2 generation 538 Tyl and Neeper-Bradley 1989
(Sprague- 1,4-dichlorobenzene
Dawley)
26 Gn Pig 16d 173 M Hollingsworth et al. 1956
(NS) ? g/r\//\(/jk 1,4-dichlorobenzene
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) (ppm) (ppm) (ppm) Chemical Form
27 Gn Pig 5.1-7.1 mo Hollingsworth et al. 1956
5 diwk 158 M .
(NS) 7 hr/id 1,4-dichlorobenzene
Developmental
2 generation Tyl and Neeper-Bradley 1989
28 Rat 9 93 538 (increased stillbirths and y ) P y
(Sprague- reduced postnatal survival in F1 1,4-dichlorobenzene
Dawley) and F2 pups)
211
CHRONIC EXPOSURE
Death
29 Rat 104 wk Japan Bioassay Research Center 1995

5 diwk

(Fischer- 344) 6 hid

chamber

300 M (30% reduced survival)
1,4-dichlorobenzene
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
Systemic
30 Human 4.75yr o Hollingsworth et al. 1956
y Resp 50 M (painful nose irritation in 160 M (severe nose irritation; _g
(occup) unacclimated workers) intolerable in unacclimated 1,4-dichlorobenzene
workers)
80 M (painful nose irritation in
workers acclimated to
exposure)
Hemato 725 M
Dermal 725 M
Ocular 50 M (painful eye irritation in 160 M (severe eye irritation; intolerable

unacclimated workers)

80 M (painful eye irritation in workers
acclimated to exposure)

in unacclimated workers)
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
31 Rat 104 wk ) » ) Japan Bioassay Research Center 1995
. 5 d/wk Resp %M 300 M (eosinophilic changes in .
(Fischer- 344) 6 hid olfactory epithelium) 1,4-dichlorobenzene
e
20F d
chamber 75 F (eosinophilic changes in
olfactory epithelium)
Renal 75 M 300 M (mineralization of renal papilla,
urothelial hyperplasia)
Bd Wt 300
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference

(Specific Route)

figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
32 Rat 76 wk-5 d/wk-5 hr/d . . Riley et al. 1980a
) Resp 75 490 (increased lung weight at week .
(Wistar) 112) 1,4-dichlorobenzene
Cardio 75 490 (increased heart weight at week
112)
Gastro 490
Hemato 490
Musc/skel 490
Hepatic 75 490 (incr. liver wt throughout the
study in males; at wks 27 and
112 in females)
Renal 75 490 (incr. kidney wt. throughout
study in males; at weeks 27 &
112 in females)
Endocr 490
Ocular 490
Bd Wt 490
Other 490
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference

(Specific Route)

figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
33 Mouse 104 wk . d ) Japan Bioassay Research Center 1995
N 5 d/wk Hepatic %M 300 M (centrilobular hepatocellular .
Crj:BDF1 6 hid hypertrophy) 1,4-dichlorobenzene
300 F
chamber
Bd Wt 75 300 (reduced terminal body weight)
Reproductive
34 Rat 104 wk Japan Bioassay Research Center 1995
. 5 diwk 300 .
(Fischer- 344) 1,4-dichlorobenzene
6 h/d
chamber
35 Mouse 104 wk ) ) o Japan Bioassay Research Center 1995
) 5 d/wk 20M 75 M (testicular mineralization) )
Crj:BDF1 1,4-dichlorobenzene
6 h/d
chamber
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Table 3-2 Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation (continued)

Exposure/ LOAEL

Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form

Cancer
104 wk Japan Bioassay Research Center 1995
36 Mc.)use 5 d/wk 300 M (CEL: hepatocellular carcinoma, P ] y
Crj:BDF1 6 h/d hepatic histiocytic sarcoma) 1,4-dichlorobenzene

chamber 300 F (CEL: bronchoalveolar
adenoma and carcinoma)

10 F (CEL: hepatocellular adenoma
and carcinoma)

a = The number corresponds to entries in Figure 3-2.
b Used to derive an acute-duration inhalation minimal risk level (MRL) of 2 ppm; dose divided by an uncertainty factor of 10 for human variability.

¢ Used to derive an intermediate-duration inhalation minimal risk level (MRL) of 0.1 ppm; The NOAEL was adjusted for intermittent exposure and converted to a Human Equivalent
Concentration (HEC) before applying uncertainty factors. The MRL was obtained by dividing the LOAEL-HEC by an uncertainty factor of 100 (10 for extrapolation from animals to
humans and 10 for human variability).

d Differences in levels of health effects and cancer effects between male and females are not indicated in Figure 3-2. Where such differences exist, only the levels of effect for the
most sensitive gender are presented.

e Used to derive a chronic-duration inhalation Minimal Risk Level (MRL) of 0.02 ppm. A NOAEL was adjusted for intermittent exposure and converted to a Human Equivalent
Concentration (HEC) before applying uncertainty factors. The MRL was obtained by dividing the NOAEL-HEC by an uncertainty factor of 30 (3 for extrapolation from animals to
humans using a dosimetric adjustment, and 10 for human variability).

Bd Wt = body weight; ; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; F = Female; Gastro = gastrointestinal; gd = gestational day; Gn pig =
guinea pig; hemato = hematological; hr = hour(s); LOAEL = lowest-observed-adverse-effect level; M = male; min = minute(s); mo = month(s); Musc/skel = musculoskeletal; NOAEL =
no-observed-adverse-effect level; NS = not specified; occup = occupational; Resp = respiratory; x = time(s); (W) = drinking water; wk = week(s); yr = year(s)
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Figure 3-2. Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation

Acute (<14 days)
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Figure 3-2. Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-2. Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-2. Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation (Continued)
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Figure 3-2. Levels of Significant Exposure to 1,4-Dichlorobenzene - Inhalation (Continued)
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acute yellow atrophy of the liver (also known as massive hepatic necrosis or fulminant hepatitis;
diagnosis was not verified histologically) (Cotter 1953). Their home had been "saturated" with 1,4-DCB
moth ball vapor for a period of about 3-4 months, but no air measurements were available. Clinical
symptoms included severe headache, diarrhea, numbness, clumsiness, slurred speech, weight loss

(50 pounds in 3 months in the case of the husband), and jaundice. The wife died within a year of the
initial exposure; however, it was not clear if 1,4-DCB was the primary cause of death. This case study
did not address whether these individuals consumed excessive amounts of alcohol or had previous

medical problems, such as a chronic liver infection.

Several studies were located regarding death in animals after inhalation exposure to 1,4-DCB. In an
acute-duration study, 2 of 6 male CD-1 mice exposed to 1,4-DCB at an air concentration of 640 ppm,
6 hours/day for 5 days died on the fifth day; no deaths were reported at an exposure level of 320 ppm
(Anderson and Hodge 1976).

Mortality data were also reported in intermediate-duration studies using rats, guinea pigs, and rabbits. In
studies performed by Hollingsworth et al. (1956), rats, guinea pigs, and rabbits were exposed to 1,4-DCB
vapors for 9-12 weeks at an air concentration of 798 ppm, 8 hours/day, 5 days/week. In that study, 4 of
34 rats, 2 of 23 guinea pigs, and 4 of 16 rabbits died during the study period. The exact number of

exposures that resulted in death was not specified.

In a chronic-duration study, there was no evidence of a treatment effect on mortality in Wistar rats
exposed to 1,4-DCB at concentrations up to 490-499 ppm for 5 hours/day, 5 days/week for 76 weeks
(Riley et al. 1980a).

Another chronic study found that survival was significantly reduced in male rats (F344/DuCrj) that were
exposed 300 ppm 1,4-DCB for 6 hours/day, 5 days/week for 104 weeks (Japan Bioassay Research Center
1995). Survival in the male rats was noticeably lower than controls beginning at approximately study
week 80, and terminal survival in the 0, 20, 75, and 300 ppm groups of the study were 66% (33/50), 68%
(34/50), 58% (29/50), and 36% (18/50), respectively. There were no effects on survival in similarly
exposed female rats. Male mice (Crj:BDF1) that were similarly exposed to the same levels of 1,4-DCB
had slightly reduced survival at all levels of exposure (80% [39/49], 63% [31/49], 64% [32/50] and 61%
[30/49] at 0, 20, 75, and 300 ppm, respectively), but the decreases were not significantly different from

controls or dose-related. Survival in female mice was similar to controls.
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3.2.1.2 Systemic Effects

Respiratory Effects.

1,2-Dichlorobenzene. Periodic industrial hygiene surveys and medical examinations were conducted in a
plant where an unreported number of men were exposed to 1,2-DCB at an average level of 15 ppm (range
1-44 ppm) for an unreported duration (Hollingsworth et al. 1958). No nasal or eye irritation was
attributable to exposure. Additionally, Hollingsworth et al. (1958) noted that his researchers detected
1,2-DCB odor at a concentration of 50 ppm without eye or nasal irritation during repeated vapor
inhalation experiments on animals. An earlier source (Elkins 1950) referenced by Hollingsworth (1958)
reported that occupational exposure to 100 ppm of 1,2-DCB caused irritation of the eyes and respiratory

passages.

No changes in absolute lung weight or lung histology were reported in rats (20/sex), guinea pigs (8/sex),
rabbits (2/sex), or monkeys (2 females) exposed to 93 ppm 1,2-DCB for 7 hours/day, 5 days/week for 6—
7 months, or in mice (10 females) similarly exposed to 49 ppm 1,2-DCB (Hollingsworth et al. 1958).
Relative lung weight was not determined. The scope of histological evaluations was not specifically

reported; organs that were weighed are inferred to have been histologically examined.

Histological examinations of the upper and lower respiratory tract were conducted in groups of 10 male
Swiss OF1 mice that were exposed to 1,2-DCB in actual mean concentrations of 0, 64, or 163 ppm (0,
385, or 980 mg/m®) for 6 hours/day, 5 days/week for 4, 9, or 14 days (Zissu 1995). Histological
examinations were performed on the upper and lower respiratory tracts. Nonrespiratory tissues were not
evaluated. Histopathologic lesions were observed in the olfactory epithelium of the nasal cavity at

>64 ppm. The olfactory epithelial lesions were graded as very severe following the 4-day exposure and
moderate after the 14-day exposure, indicating to the authors that a repair mechanism may take place
despite continued exposure. The more severe cases were characterized by a complete loss of olfactory
epithelium, which left only the partially denuded basement membrane. No histological alterations were
observed in the respiratory epithelium of the nasal cavity, or in the trachea or lungs. The results suggest

that the upper respiratory tract is a target for inhalation exposures to 1,2-DCB.

1,3-Dichlorobenzene. No studies were located regarding respiratory effects in humans or animals

following inhalation exposure to 1,3-DCB.
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1,4-Dichlorobenzene. A case of pulmonary granulomatosis was reported to have occurred in a 53-year-
old woman who, for 12-15 years, had been inhaling 1,4-DCB crystals that were scattered on a weekly
basis on the carpets and furniture of her home. A lung biopsy revealed the presence of 1,4-DCB crystals
with the surrounding lung parenchyma being distorted by fibrosis, thickening of the alveolar walls, and
marked infiltrates of lymphocytes and mononuclear phagocytes. Also, there was some thickening of the
muscular walls of small arteries and focal fibrous thickening of the pleura (Weller and Crellin 1953).
These effects are most likely related to the physical interaction of 1,4-DCB crystals (or any crystals when
inhaled) with lung tissue, rather than to chemical toxicity. This conclusion by the authors of the study
was based on exposure history of the patient, radiography, and histological examination of the lung tissue
which showed the presence of birefringent crystals and a clear granulatomous reaction. A study of

58 men occupationally exposed for 8 hours/day, 5 days/week, continually or intermittently, for 8 months
to 25 years (average, 4.75 years) to 1,4-DCB found painful irritations of the nose at levels ranging from
80 to 160 ppm. At levels greater than 160 ppm, the air was considered not breathable for unacclimated

persons (Hollingsworth et al. 1956).

In pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air concentrations of 74.7, 198.6, or
508.4 ppm, 6 hours/day on gestation days (Gd) 6-15 produced no adverse clinical or pathological signs in
the lung tissues of the dams (Hodge et al. 1977). Mild histopathological changes of interstitial edema,
congestion, and alveolar hemorrhage were observed in the lungs of male (but not female) rats, female
guinea pigs, and one female rabbit after 16 days of exposure to 1,4-DCB at 173 ppm (Hollingsworth et al.
1956). Congestion and emphysema were also reported in the lungs of two rabbits exposed to 798 ppm for
12 weeks (Hollingsworth et al. 1956). These observations were derived from a large study using several
species of laboratory animals; however, interspecies comparisons are difficult to make due to the various
experimental designs used in this study. For example, at 798 ppm, 10 male rats, 15 female rats, 16 male
guinea pigs, seven female guinea pigs, and 8 rabbits of each sex were exposed up to 62 times; at 173 ppm,
five rats of each sex, five guinea pigs of each sex, and one rabbit of each sex were exposed for 16 days.
These reported observations provide only qualitative evidence of respiratory effects as a result of

intermediate-duration inhalation exposure to 1,4-DCB.

In a chronic-duration study, male and female Wistar rats were exposed to 1,4-DCB at air concentrations
of 75 or 490-499 ppm, 5 hours/day, 5 days/week for 76 weeks (Riley et al. 1980a). Rats in the high-
exposure group showed a small but significant increase in absolute lung weight at termination of the

study (112 weeks). This response was not observed in rats sacrificed on week 76 or in rats exposed to
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75 ppm 1,4-DCB for 112 weeks. No treatment-related histological alterations were observed in the

larynx, trachea, or lungs in this study.

Another chronic inhalation study was conducted in which groups of 50 male and female F344/DuCij rats,
and 50 male and 50 female Crj:BDF1 mice, were exposed to 1,4-DCB in concentrations of 0, 20, 75, or
300 ppm for 6 hours/day, 5 days/week for 104 weeks (Japan Bioassay Research Center 1995).
Histological examinations of the respiratory tract (nasal cavity, trachea, and lung) showed nasal epithelial
effects in rats of both sexes, but not in mice. The nasal lesions mainly included eosinophilic changes of
moderate or greater severity in the olfactory epithelium in male rats at 300 ppm and female rats at

>75 ppm. Incidences of this lesion at 0, 20, 75, and 300 ppm were 1/50, 2/50, 2/50, and 7/50 in the male
rats, and 28/50, 29/50, 39/50, and 47/50 in the female rats. The increases were significantly (p<0.05)
different than the control values and there was a trend of increasing response with increasing dose in both
sexes. Additionally observed were significantly increased incidences of eosinophilic changes of the

respiratory epithelium and respiratory metaplasia in the 300 ppm female rats only.

Cardiovascular Effects.

1,2-Dichlorobenzene. No studies were located regarding cardiovascular effects in humans following

inhalation exposure to 1,2-DCB.

No changes in absolute heart weight or heart histology were reported for rats (20/sex), guinea pigs
(8/sex), rabbits (2/sex), or monkeys (2 females) following exposure to 93 ppm 1,2-DCB for 7 hours/day,
5 days/week for 6-7 months, or in mice (10 females) that were similarly exposed to 49 ppm 1,2-DCB
(Hollingsworth et al. 1958). Relative heart weight was not determined. The scope of histological
evaluations was not specifically reported; organs that were weighed are inferred to have been

histologically examined.

1,3-Dichlorobenzene. No studies were located regarding cardiovascular effects in humans or animals

following inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. No studies were located regarding cardiovascular effects in humans following

inhalation exposure to 1,4-DCB.
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Limited information is available regarding cardiovascular effects in animals. No alterations in relative
heart weight were observed in rats or guinea pigs exposed to 1,4-DCB at an air concentration of 173 ppm,
7 hours/day, 5 days/week for up to 12 exposures (Hollingsworth et al. 1956). Similar results were
reported after approximately 130 exposures to 1,4-DCB at an air concentration of 96 ppm using the same
exposure protocol (Hollingsworth et al. 1956); no other cardiovascular end points were evaluated in this

study.

In pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air concentrations of 74.7, 198.6, or
508.4 ppm, 6 hours/day from Gd 6 to 15 produced no adverse clinical or pathological signs in the heart
tissues of the dams (Hodge et al. 1977).

A significant increase in absolute heart weight was reported in male and female rats exposed to 1,4-DCB
at air concentrations of 490-499 ppm, 5 hours/day, 5 days/week for 76 weeks and allowed to recover
until week 112 (Riley et al. 1980a). This effect was not seen at the 76-week interim sacrifice or at the
lower-exposure concentration of 75 ppm. Examination of the heart and aorta at interim sacrifices or at

termination of the study revealed no significant histological alterations related to 1,4-DCB treatment.

Gastrointestinal Effects.

1,2-Dichlorobenzene. No studies were located regarding gastrointestinal effects in humans or animals

following inhalation exposure to 1,2-DCB.

1,3-Dichlorobenzene. No studies were located regarding gastrointestinal effects in humans or animals

following inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. Two case reports provide evidence of gastrointestinal effects in humans after
exposure to unknown concentrations of 1,4-DCB. A 60-year-old man who had been exposed to vapors of
1,4-DCB in his home for 3—4 months reported having several bowel movements a day with loose tarry
stools for 10 days before being admitted to a hospital (Cotter 1953). The second case is that of a 34-year-
old woman who had been exposed to vapors of 1,4-DCB at work and became acutely ill with nausea and
vomiting, and was hospitalized with hemorrhage from the gastrointestinal tract (Cotter 1953). The
physical and chemical findings led to the diagnosis of subacute yellow atrophy and cirrhosis of the liver

from 1,4-DCB exposure. No further information was located.
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Limited information regarding gastrointestinal effects in animals is provided in a chronic-duration study.
In that study (Riley et al. 1980a), the investigators found no effect on the organ weight or on gross and
histopathological appearance of the caecum, colon, duodenum, jejunum, esophagus, pancreas, and
stomach in male and female Wistar rats exposed to 1,4-DCB at air concentrations of up to 490-499 ppm,

5 hours/day, 5 days/week for 76 weeks.

Hematological Effects.

1,2-Dichlorobenzene. Periodic industrial hygiene surveys and medical examinations were conducted in a
plant where an unreported number of men were exposed to 1,2-DCB at an average level of 15 ppm (range
1-44 ppm) for an unreported duration (Hollingsworth et al. 1958). No effects on clinical hematology
indices (red blood cell count, total and differential white blood cell counts, hemoglobin, hematocrit, and

mean corpuscular volume) were attributable to exposure.

Red blood cell (RBC), total white blood cell (WBC), and leucocyte differential cell counts were assessed
in groups of five male Sprague-Dawley rats that were exposed to 0, 5, 10, 16, or 29 ppm 1,2-DCB for

4 hours (Brondeau et al. 1990). Total WBC counts were significantly (p<0.05) reduced at >10 ppm
without any changes in WBC differential or RBC counts. The effect of 1,2-DCB on total WBC count
was further assessed in groups of 10 male Sprague-Dawley rats that were normal or adrenalectomized and
exposed to 0 or 24 ppm for 4 hours. Adrenalectomy caused a significant increase in total WBCs (39.9%
higher than normal controls), although exposure did not significantly affect WBC count in the
adrenalectomized rats. Because the adrenal-dependent leucopenia was similar to that observed after
exposure to various irritant stressors, and is thought to be a secondary manifestation of increased secretion
of glucocorticosteroids, the authors considered the effect to be an associative response to sensory

irritation.
No hematological changes were reported in rabbits (2/sex) or monkeys (2 females) that were exposed to
93 ppm 1,2-DCB for 7 hours/day, 5 days/week for 6-7 months (Hollingsworth et al. 1958). The

hematology end points that were evaluated were not specified.

1,3-Dichlorobenzene. No studies were located regarding hematological effects in humans or animals

following inhalation exposure to 1,3-DCB.
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1,4-Dichlorobenzene. Two reports of hematological effects in humans after inhalation exposure to
1,4-DCB were located in the literature. Based on results from blood counts, anemia was diagnosed in two
men; one had been exposed to unknown concentrations of 1,4-DCB vapors at home for 3—-4 months and
the other had been in a storage plant saturated with 1,4-DCB vapor. A woman exposed in a similar
manner was diagnosed with borderline anemia (Cotter 1953). Early industrial hygiene surveys found no
evidence of adverse hematological effects attributable to exposure to 1,4-DCB in workers at air
concentrations ranging from 10 to 550 ppm for 8 months to 25 years (average 4.75 years) (Hollingsworth
et al. 1956).

Information regarding hematological effects in animals is scant. No hematologic effects (specific tests
not provided) were observed in rats and rabbits exposed to 1,4-DCB vapors at concentrations of 96 or
158 ppm, respectively, dosed for durations of 7 hours/day, 5 days/week for 5-7 months (Hollingsworth et
al. 1956). A chronic-duration study reported that some changes in blood chemistry and hematologic
parameters were seen in rats exposed 5 hours/day, 5 days/week to 1,4-DCB at air concentrations of up to
490-499 ppm for 76 weeks; however, the reported changes showed no consistent trend with dose, sex, or

exposure duration that would indicate treatment-related effects (Riley et al. 1980a).

Musculoskeletal Effects.

1,2-Dichlorobenzene. No studies were located regarding musculoskeletal effects in humans following

inhalation exposure to 1,2-DCB.

1,3-Dichlorobenzene. No studies were located regarding musculoskeletal effects in humans or animals

following inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. No studies were located regarding musculoskeletal effects in humans after

inhalation exposure to 1,4-DCB.

One study was located that examined the musculoskeletal effects in laboratory animals after inhalation
exposure to 1,4-DCB. No gross or histological alterations in skeletal muscle (unspecified parameters)
were detected in rats exposed to 1,4-DCB at air concentrations of up to 490-499 ppm, 5 hours/day,

5 days/week for 76 weeks (Riley et al. 1980a).
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Hepatic Effects.

1,2-Dichlorobenzene. No studies were located regarding hepatic effects in humans following inhalation

exposure to 1,2-DCB.

Increased liver weight and marked central lobular necrosis occurred in rats that were exposed to 1,2-DCB
at a concentration of 977 ppm for 0.5 or 1 hour, but not to 539 ppm for 3 hours (Hollingsworth et al.
1958). No changes in absolute liver weight or hepatic histology were reported for rats (20/sex), guinea
pigs (8/sex), rabbits (2/sex), or monkeys (2 females) exposed to 93 ppm 1,2-DCB for 7 hours/day,

5 days/week for 6-7 months, or in mice (10 females) similarly exposed to 49 ppm 1,2-DCB
(Hollingsworth et al. 1958).

1,3-Dichlorobenzene. No studies were located regarding hepatic effects in humans or animals following

inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. Hepatic effects have been reported in humans following long-term exposure to
1,4-DCB via inhalation. A 60-year-old man and his wife who were exposed to moth ball vapor that
"saturated" their home for 3—4 months both died of liver failure (acute liver atrophy) within a year of the
initial exposure (Cotter 1953). Yellow atrophy and cirrhosis of the liver were reported in a 34-year-old
woman who demonstrated 1,4-DCB products in a department store and in a 52-year-old man who used
1,4-DCB occupationally in a fur storage plant for about 2 years (Cotter 1953). Duration of exposure was
not estimated for the 34-year-old woman, but was indicated in the report to be more than 1 year. No
estimates of the 1,4-DCB exposure levels (other than the use of the term “saturated”) were provided in
any of these reports, nor was it verified that 1,4-DCB exposure was the only factor associated with the
observed effects. History of alcohol consumption or prior liver disease factors were not mentioned for
any of the cases reported by Cotter (1953). These case studies indicate that the liver is a target organ for

1,4-DCB in humans, but they do not provide quantitative information.

In an acute-duration study using pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air
concentrations of 74.7, 198.6, or 508.4 ppm, 6 hours/day from Gd 6 to 15 produced no adverse clinical or
pathological signs in the hepatic tissues of the dams (Hodge et al. 1977). In a similar study, New Zealand
White rabbits exposed whole-body to 1,4-DCB 6 hours/day on Gd 6-18 experienced no adverse effects

on absolute or relative maternal liver weights at air concentrations up to 800 ppm (Hayes et al. 1985).
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In a cross-species comparative study, exposure to 1,4-DCB at air concentrations up to 158 ppm,

7 hours/day, 5 days/week for 5-7 months produced no treatment-related effects on liver weight or
microscopic appearance in male and female mice; in contrast, various hepatic effects were noted in rats,
guinea pigs, and rabbits exposed to 1,4-DCB at various levels and durations of exposure (Hollingsworth
et al. 1956). There was considerable variability in the species of animals exposed at each dose, the
number of animals exposed, and the total number of exposures. When rats and rabbits inhaled 173—

798 ppm of 1,4-DCB intermittently for 2-12 weeks, several hepatic effects were observed. Relative liver
weight was increased in rats exposed to 173 ppm; histopathological examination at this exposure level
revealed slight congestion and granular degeneration in female rats. At 798 ppm, liver changes included
cloudy swelling and central necrosis in both sexes of rats and rabbits. In the same study, when rats
inhaled 158-341 ppm 1,4-DCB intermittently for 5-7 months, male and female rats displayed cloudy
swelling and central zone degeneration of the hepatic parenchymal cells in the liver, and increased
relative liver weights at 158 ppm. These changes were not seen at a concentration of 96 ppm. In the
same study, guinea pigs that were exposed to 341 ppm for a comparable duration or to 798 ppm for 2—
4.5 weeks had focal necrosis and slight cirrhosis (in some animals) as well as hepatocyte swelling and

degeneration.

In a 2-generation study of the effects of inhalation exposure to 1,4-DCB in Sprague-Dawley rats, males
and females were exposed to 0, 66.3, 211, or 538 ppm 1,4-DCB 6 hours/day for 10 weeks prior to mating.
The females were also exposed during mating, and on Gd 0-19 and postnatal days 5-27; males were
exposed throughout the study. Marked hepatocellular hypertrophy, localized in the centrilobular area,
was noted in Foand F; males and females in the 538 ppm dose group; no such effects were seen in the
low- and mid-dose groups. Liver weights were significantly elevated in Fomales at the 211 and 538 ppm
doses and in Fo females at the 538 ppm dose; liver weights were also significantly elevated in F; males

and females at the 538 ppm dose (Tyl and Neeper-Bradley 1989).

In a long-term inhalation study in rats, exposure to 1,4-DCB at air concentrations of 490-499 ppm

5 hours/day, 5 days/week for 76 weeks resulted in an increase in absolute liver weight throughout the
study in males and at weeks 27 and 112 in females (Riley et al. 1980a). This effect was not accompanied
by histological alterations or by increased serum transaminase activities. No hepatic effects were noted at
75 ppm. None of the adverse hepatic effects reported at lower concentrations of 1,4-DCB for shorter

durations (Hollingsworth et al. 1956), as described above, were identified in the 76-week study.
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In another chronic study, groups of 50 male and female F344/DuCrj rats and 50 male and 50 female
Crj:BDF1 mice were exposed to 1,4-DCB in concentrations of 0, 20, 75, or 300 ppm for 6 hours/day,

5 days/week for 104 weeks (Japan Bioassay Research Center 1995). Histological examinations showed
liver changes only in the high-dose male mice. The incidence of centrilobular hepatocellular hypertrophy
was significantly increased in male mice at 300 ppm, as shown by incidences of 0/49, 0/49, 0/50, and

34/49 in the control to high dose groups.

Renal Effects.

1,2-Dichlorobenzene. Periodic industrial hygiene surveys and medical examinations were conducted in a
plant where an unreported number of men were exposed to 1,2-DCB at an average level of 15 ppm (range
1-44 ppm) for an unreported duration (Hollingsworth et al. 1958). No effects on clinical renal indices

(blood urea nitrogen, sedimentation rate, or urinalysis) were attributable to exposure.

No changes in absolute kidney weight or kidney histology were reported for rats (20/sex), guinea pigs
(8/sex), rabbits (2/sex), or monkeys (2 females) exposed to 93 ppm 1,2-DCB for 7 hours/day,

5 days/week for 67 months, or in mice (10 females) similarly exposed to 49 ppm 1,2-DCB
(Hollingsworth et al. 1958). Relative kidney weight was not determined. The scope of histological
evaluations was not specifically reported; organs that were weighed are inferred to have been
histologically examined. Limited urinalysis was performed in the species exposed to 93 ppm; blood urea
nitrogen (BUN) determinations and qualitative tests for sugar, albumin, sediment, and blood showed no

abnormalities.

1,3-Dichlorobenzene. No studies were located regarding renal effects in humans or animals following

inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. No studies were located regarding renal effects in humans after inhalation

exposure to 1,4-DCB.

In an acute-duration study using pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air
concentrations of 74.7, 198.6, or 508.4 ppm, 6 hours/day from Gd 6 to 15 produced no adverse clinical or
pathological signs in the kidney tissues of the dams (Hodge et al. 1977). In a similar study, pregnant New

Zealand White rabbits exposed whole-body to 1,4-DCB 6 hours/day on Gd 6-18 experienced no adverse

**DRAFT FOR PUBLIC COMMENT***



DICHLOROBENZENES 86

3. HEALTH EFFECTS

effects with regard to either absolute or relative maternal kidney weights at air concentrations up to
800 ppm (Hayes et al. 1985).

In mice, rats, and rabbits exposed by inhalation to 1,4-DCB at air concentrations ranging from 96 to

798 ppm, 7 or 8 hours/day, for periods as long as 7 months, no renal effects were noted in mice or rabbits,
while both male and female rats experienced increased relative kidney weights at the 173 ppm dose level.
In addition, a slight cloudy swelling of the tubular epithelium was noted in female rats exposed to

798 ppm. In the same study, inhalation of 1,4-DCB at 158 or 341 ppm intermittently for 5-7 months by
rats caused a slight increase in relative kidney weight in males but not females (Hollingsworth et al.
1956). This effect was not observed in groups of guinea pigs, in one monkey, or in two rabbits under the
same experimental conditions (Hollingsworth et al. 1956). The findings in this study are consistent with

those reported by Riley et al. (1980a) in a 76-week study in rats, described below.

In a 2-generation study of the effects of inhalation exposure to 1,4-DCB in Sprague-Dawley rats, males
and females were exposed to 0, 66.3, 211, or 538 ppm 1,4-DCB 6 hours/day for 10 weeks prior to mating.
The females were also exposed during mating, and on Gd 0-19 and postnatal days 5-27; males were
exposed throughout the study. An increased incidence of nephrosis was seen in Fomales of all dose
groups and in F; males of the 211 and 538 ppm dose groups; lesions consisted of hyaline droplets, tubular
protein nephrosis, granular cast formation, and interstitial nephritis. No renal lesions were noted in Fq or
F;ifemales. Kidney weights were significantly elevated in Fomales at all doses and in F; males at the

538 ppm dose. In females, kidney weights were significantly elevated in the Fq generation at the 538 ppm

dose, but were not elevated in the F; generation (Tyl and Neeper-Bradley 1989).

In a chronic-duration inhalation study in Wistar rats, exposure to 1,4-DCB at air concentrations of 490—
499 ppm, 5 hours/day, 5 days/week for 76 weeks resulted in an increase in absolute kidney weight in
males throughout the study and in females at weeks 27 and 112 weeks. Exposure to 75 ppm 1,4-DCB had
no effect on kidney weight, and neither exposure level caused histopathological alterations in the kidneys
(Riley et al. 1980a). In another chronic study, groups of 50 male and female F344/DuCrj rats and 50 male
and 50 female Crj:BDF1 mice were exposed to 1,4-DCB in concentrations of 0, 20, 75, or 300 ppm for

6 hours/day, 5 days/week for 104 weeks (Japan Bioassay Research Center 1995). Histological
examinations showed kidney changes only in male rats at 300 ppm, where incidences of mineralization of
the renal papilla and hyperplasia of the urothelium were significantly increased. In general, the renal
effects observed in inhalation studies of 1,4-DCB are mild in contrast with the severe renal effects

observed in oral studies as described in Section 3.2.2.2.
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Endocrine Effects.

1,2-Dichlorobenzene. No studies were located regarding endocrine effects in humans or animals

following inhalation exposure to 1,2-DCB.

1,3-Dichlorobenzene. No studies were located regarding endocrine effects in humans or animals

following inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. No studies were located regarding endocrine effects in humans following

inhalation exposure to 1,4-DCB.

The only information regarding endocrine effects in animals after inhalation exposure to 1,4-DCB is from
a chronic-duration study in rats. In that study (Riley et al. 1980a), no gross or histopathological effects
were observed in the adrenal, thyroid, or pituitary glands of male or female rats exposed to 1,4-DCB at air
concentrations up to 490-499 ppm, 5 hours/day, 5 days/week for 76 weeks. No further information

regarding endocrine effects was located.

Dermal Effects.

1,2-Dichlorobenzene. No studies were located regarding dermal effects in humans or animals following

inhalation exposure to 1,2-DCB.

1,3-Dichlorobenzene. No studies were located regarding dermal effects in humans or animals following

inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. Dermal effects resulting from 1,4-DCB exposure were reported in a 69-year-old
man who had been exposed for approximately 3 weeks to 1,4-DCB used in his home, including on a chair
on which he had been sitting. He gradually developed petechiae (small red spots), purpura (purple or
brownish-red spots), and swelling of his hands and feet. His sensitivity to 1,4-DCB was established by an
indirect basophil degranulation test that showed a strongly positive reaction (degenerative changes in 62%
of his basophils when tested with 1,4-DCB, compared with a 6% reaction of normal serum with 1,4-DCB)

(Nalbandian and Pearce 1965). The authors suggested that these effects were probably immunologically

**DRAFT FOR PUBLIC COMMENT***



DICHLOROBENZENES 88

3. HEALTH EFFECTS

mediated. In a study of 58 men occupationally exposed to up to 725 ppm 1,4-DCB, 8 hours/day,
5 days/week continually or intermittently for 8 months to 25 years (average: 4.75 years), medical

examinations revealed no evidence of dermatological effects (Hollingsworth et al. 1956).

No studies were located regarding dermal effects in animals after inhalation exposure to 1,4-DCB.

Ocular Effects.

1,2-Dichlorobenzene. Periodic industrial hygiene surveys and medical examinations were conducted in a
plant where an unreported number of men were exposed to 1,2-DCB at an average level of 15 ppm (range
1-44 ppm) for an unreported duration (Hollingsworth et al. 1958). No eye or nasal irritation was
attributable to exposure. Additionally, Hollingsworth et al. (1958) noted that his researchers detected
1,2-DCB odor at a concentration of 50 ppm without eye or nasal irritation during repeated vapor
inhalation experiments on animals. An earlier source (Elkins 1950) referenced by Hollingsworth (1958)
reported that occupational exposure to 100 ppm of 1,2-DCB caused irritation of the eyes and respiratory

passages.

1,3-Dichlorobenzene. No studies were located regarding ocular effects in humans or animals following

inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. In a report on 58 men who had worked for 8 months to 25 years (average exposure
4.75 years) in a plant that used 1,4-DCB, painful irritation of the nose and eyes were reported at levels
ranging from 80 to 160 ppm (Hollingsworth et al. 1956). At levels greater than 160 ppm, the air was
considered unbreathable by unacclimated persons. Neither cataracts nor any other lens changes were

found upon examination of their eyes.

There is no clear, quantitative evidence of ocular effects resulting from inhalation exposure to 1,4-DCB in
animal studies. Ocular effects, described as reversible, nonspecific eye ground changes (changes in the
fundus or back of the eye), were seen in two rabbits exposed to 1,4-DCB at 798 ppm, 8 hours/day,

5 days/week for 12 weeks (Hollingsworth et al. 1956). In the same study, no lens changes were observed
in rats or guinea pigs exposed to 798 ppm 1,4-DCB, but eye irritation was reported in the three species
tested. Ocular effects occurring during and/or after exposure to chemicals in air are likely to be due to

direct contact of the chemical with the eye.
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A chronic-duration inhalation study in male and female Wistar rats reported no histopathological
alterations in the eyes of rats exposed to 1,4-DCB at air concentrations up to 490-499 ppm, 5 hours/day,

5 days/week for 76 weeks (Riley et al. 1980a). No further data were located.

Body Weight Effects.

1,2-Dichlorobenzene. Groups of male and female albino rats (20/sex) were exposed to 0, 49, or 93 ppm
(0, 290, or 560 mg/m°, respectively) of 1,2-DCB (99% pure) vapor for 7 hours/day, 5 days/week for 6—

7 months (Hollingsworth et al. 1958). No compound related effects were found at 49 ppm. Effects
observed at 93 ppm consisted of statistically significant (p<0.05) decreased final body weight in the males
(8.9% lower than controls). There were no body weight changes in guinea pigs (8/sex), rabbits (2/sex), or
monkeys (2 females) similarly exposed to 93 ppm 1,2-DCB, or in mice (10 females) similarly exposed to
49 ppm 1,2-DCB (Hollingsworth et al. 1958).

1,3-Dichlorobenzene. No studies were located regarding body weight effects in humans or animals

following inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. A 60-year-old man who was exposed to vapors of 1,4-DCB in his home for 3—

4 months was reported to have lost approximately 50 pounds in body weight in 3 months (Cotter 1953).
His wife, who received similar exposure, also lost weight. A third case reported by the same author
(Cotter 1953) is that of a 52-year-old man who was exposed to 1,4-DCB by using the chemical for
preserving raw furs. On examination, this individual was described as being emaciated. Information
regarding food consumption was not available in any of these cases. In the case of the 60-year-old man,

persistent diarrhea may have contributed to the weight loss.

In an acute-duration study using pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air
concentrations of 74.7, 198.6, or 508.4 ppm, 6 hours/day from Gd 6 to 15 had no effect on maternal body
weight gain (Hodge et al. 1977).

Body weight data are available for various animal species after exposure to 1,4-DCB 7-8 hours/day,

5 days/week, for periods ranging from 2 weeks to 6 months (Hollingsworth et al. 1956). Rats, rabbits,
and guinea pigs experienced weight loss when exposed to 798 ppm, 8 hours/day, 5 days/week. Rats
exposed to up to 341 ppm 1,4-DCB for 5-7 months grew at a rate similar to that of unexposed controls.

Similar results were obtained in rabbits exposed to 173 ppm for 16 days or to 158 ppm for about
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200 days. Slight growth depression was observed in male and female guinea pigs exposed to 158 ppm
1,4-DCB for 157 days, but only males showed a slight delay in growth when the exposure level was
341 ppm for 6 months. In male and female mice and in one female monkey, there were no effects on

body weight after exposure to 1,4-DCB at air concentrations up to 158 ppm for as long as 7.1 months.

In a 2-generation study of the effects of inhalation exposure to 1,4-DCB in Sprague-Dawley rats, males
and females were exposed to 0, 66.3, 211, or 538 ppm 1,4-DCB 6 hours/day for 10 weeks prior to mating.
The females were also exposed during mating, and on Gd 0-19 and postnatal days 5-27; males were
exposed throughout the study. Male Fqobody weight and body weight gain were significantly reduced in
the 538 ppm group. Body weight gain was also significantly reduced in the 211 ppm group; however, the
effect was seen at fewer observation periods. Female F,body weights were equivalent across all
treatment groups during the entire prebreeding period. The F; generation males and females exposed to
538 ppm 1,4-DCB had lower body weights than did controls; however, these decreases were accompanied

by decreased food consumption (Tyl and Neeper-Bradley 1989).

A chronic-duration inhalation study in male and female Wistar rats found that body weight was not
significantly altered after exposure to 1,4-DCB at air concentrations up to 490-499 ppm, 5 hours/day,
5 days/week for 76 weeks (Riley et al. 1980a).

Other Systemic Effects.

1,2-Dichlorobenzene. No studies were located regarding other systemic effects in humans or animals

following inhalation exposure to 1,2-DCB.

1,3-Dichlorobenzene. No studies were located regarding other systemic effects in humans or animals

following inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. No studies were located regarding other effects in humans following inhalation
exposure to 1,4-DCB. Ascites, esophageal varices, hemorrhoids, and tarry stools are all secondary effects

of subacute, yellow atrophy and cirrhosis of the liver (Cotter 1953).
A chronic-duration inhalation study in male and female Wistar rats found that food and water

consumption was not significantly altered after exposure to 1,4-DCB at air concentrations up to 490—
499 ppm, 5 hours/day, 5 days/week for 76 weeks (Riley et al. 1980a).
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In a 2-generation study of the effects of inhalation exposure to 1,4-DCB in Sprague-Dawley rats, males
and females were exposed to 0, 66.3, 211, or 538 ppm 1,4-DCB 6 hours daily for 10 weeks prior to
mating. The females were also exposed during mating, and on Gd 0-19 and postnatal days 5-27; males
were exposed throughout the study. Exposure of the Foand F; generations to 538 ppm 1,4-DCB resulted
in clinical signs of toxicity such as decreased grooming, unkempt appearance, decreased food

consumption, and dehydration (Tyl and Neeper-Bradley 1989).

3.2.1.3 Immunological and Lymphoreticular Effects

1,2-Dichlorobenzene. No studies were located regarding immunological effects in humans following

inhalation exposure to 1,2-DCB.

No changes in absolute spleen weight or spleen histology were reported for rats (20/sex) or guinea pigs
(8/sex) that were exposed to 93 ppm 1,2-DCB for 7 hours/day, 5 days/week for 6-7 months
(Hollingsworth et al. 1958). Relative spleen weight was not determined. The scope of histological

evaluations was not specifically reported; organs that were weighed appear to have been examined.

1,3-Dichlorobenzene. No studies were located regarding immunological effects in humans or animals

following inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. As mentioned in Section 3.2.1.2, dermal effects observed in a 69-year-old man
who had been exposed to 1,4-DCB in his home for approximately 3 weeks (Nalbandian and Pearce 1965)
may have been mediated by immunological mechanisms. In addition to petechiae, purpura, and swelling
of his hands and feet, his serum showed a strong positive reaction to 1,4-DCB in an indirect basophil
degranulation test. The authors stated that, to their knowledge, this was the first reported case of allergic
(anaphylactoid) purpura induced by exposure to 1,4-DCB. Enlargement of the spleen was reported in a
woman who had been exposed to 1,4-DCB in her home for 3-4 months and in a man who used 1,4-DCB
to preserve raw furs (Cotter 1953). This, however, was most likely a secondary response to

hematological disturbances rather than an immunological effect.
A slight decrease in relative spleen weight was observed in male guinea pigs exposed to 1,4-DCB at an

air concentration of 173 ppm, 7 hours/day, 5 days/week for 16 days (Hollingsworth et al. 1956); no effect

was seen in rats under the same experimental conditions. In a chronic-duration inhalation study, groups

**DRAFT FOR PUBLIC COMMENT***



DICHLOROBENZENES 92

3. HEALTH EFFECTS

of male and female Wistar rats exposed to 1,4-DCB 5 hours/day, 5 days/week for 76 weeks exhibited no
gross or histopathological alterations in the cervical, thoracic, and mesenteric lymph nodes; spleen; or
thymus at air concentrations up to 500 ppm (Riley et al. 1980a). No other immunological end points were

evaluated.

No effects were found in an immunotoxicity study in which groups of 10 male SPF Hartley guinea pigs
were exposed to 1,4-DCB by inhalation in concentrations of 0, 2, or 50 ppm for 12 weeks (schedule not
specified) (Suzuki et al. 1991). The animals were sensitized with ovalbumin after 4 and 8 weeks of
exposure to evaluate effects on antibody production. Determinations of serum IgE titers (passive
cutaneous anaphylaxis test) and serum IgG and IgM titers (enzyme-linked immunosorbent assay) against
ovalbumin, performed 1 and 2 weeks after the first sensitization and 1, 2, and 4 weeks after the second
sensitization, showed no significant differences between the exposed and control groups. The passive
cutaneous anaphylaxis test was also conducted with antiserum from the 50 ppm exposure group (collected
1 and 2 weeks after the first sensitization and 1, 2, and 4 weeks after the second sensitization) to
determine if IgE antibodies were produced against 1,4-DCB; no antibodies against the compound were
detected. Active systemic anaphylaxis was also evaluated in the 0 and 50 ppm exposure groups. An
antigen mixture of 1,4-DCB and guinea pig serum albumin did not cause an anaphylactic reaction when
intravenously injected in the animals 14 days after the last exposure. This study was reported in the

Japanese literature; relevant information was obtained from the English abstract and data tables.

3.2.1.4 Neurological Effects

1,2-Dichlorobenzene. No studies were located regarding neurological effects in humans or animals

following inhalation exposure to 1,2-DCB.

1,3-Dichlorobenzene. No studies were located regarding neurological effects in humans or animals

following inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. Information regarding neurological effects in humans exposed to 1,4-DCB via
inhalation is limited to several case reports. A 60-year-old man whose home had been saturated with
1,4-DCB moth ball vapor for 3 or 4 months complained of persistent headache, numbness, clumsiness,
and a burning sensation in his legs (consistent with peripheral nerve damage); he also showed slurred
speech (Cotter 1953). In a more recent case study, a 25-year-old woman was exposed to high

concentrations of 1,4-DCB from her bedroom, bedding, and clothing. She had used this compound
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liberally as an insect repellant for 6 years. The subject sought medical assistance because of severe
ataxia, speech difficulties, and moderate weakness of her limbs. Brainstem auditory-evoked potentials
(BAEPs) showed marked delays of specific brainwave patterns. Her symptoms gradually improved over
the next 6 months after cessation of exposure and the BAEPs examined 8 months later had returned to
normal. This study suggests that there may be measurable but reversible neurological effects associated
with human inhalation exposure to 1,4-DCB (Miyai et al. 1988). The level of 1,4-DCB exposure was
neither known nor estimated in either of the human case studies. In addition, there is no certainty that

exposure to 1,4-DCB was the only factor associated with the toxic effects reported.

Neurological signs including marked tremors, weakness, and loss of consciousness were observed in rats,
rabbits, and guinea pigs exposed to 798 ppm 1,4-DCB 8 hours/day, 5 days/week (Hollingsworth et al.
1956). In a chronic-duration study in rats, exposure to up to 500 ppm 1,4-DCB 5 hours/day, 5 days/week
for 76 weeks did not cause gross or histological alterations in the brain, sciatic nerve, or spinal cord, but
absolute brain weight was slightly decreased at the termination of the study (Riley et al. 1980a). Adult
rats exposed 6 hours/day for 10 weeks to 538 ppm 1,4-DCB during a 2-generation study displayed
symptoms associated with compound neurotoxicity, including tremors, ataxia, and hyperactivity (Tyl and
Neeper-Bradley 1989). The animals also decreased their grooming behavior and developed an unkempt
appearance. At sacrifice, the relative brain weights of the males, but not the females, were significantly

increased compared to the controls.

3.2.1.5 Reproductive Effects

1,2-Dichlorobenzene. No studies were located regarding reproductive effects in humans or animals

following inhalation exposure to 1,2-DCB.

A 2-generation inhalation reproduction study was conducted in which groups of Charles River CD
(Sprague-Dawley derived) rats (30/sex/generation) were exposed to 1,2-DCB at levels of 0, 50, 150, or
394 ppm (Bio/dynamics 1989). F,adults were exposed for 6 hours/day, 7 days/week for a 10-week
premating period and during mating. Following mating, Fo males were exposed 6 hours/day, 7 days/week
until sacrifice at 3—4 weeks postmating. Bred Fo females were exposed for 6 hours/day on gestation days
0-19 and lactation days 5-28, then sacrificed postweaning. F; pups (29 days old) received similar
exposures throughout an 11-week premating period, mating, gestation, and lactation. There were no

exposure-related effects on reproductive performance or fertility indices in either generation.
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No changes in absolute testicular weight or testicular histology were reported for male rats or guinea pigs
that were exposed to 93 ppm 1,2-DCB for 7 hours/day, 5 days/week for 6-7 months (Hollingsworth et al.
1958). Relative testicular weight was not determined. The scope of histological evaluations in this study

was not specifically reported; organs that were weighed also appear to have been examined.

1,3-Dichlorobenzene. No studies were located regarding reproductive effects in humans or animals

following inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. No studies were located regarding reproductive effects in humans after inhalation

exposure to 1,4-DCB.

In an acute-duration study using pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air
concentrations up to 508.4 ppm, 6 hours/day from Gd 6 to 15 did not adversely affect the number of
implantations, resorptions, viable fetuses, corpora lutea, or sex ratios (Hodge et al. 1977). A similar study
in inseminated New Zealand White rabbits exposed whole-body to 1,4-DCB at air concentrations of 100,
300, or 800 ppm, 6 hours/day on Gd 6-18 found no differences between treated and control groups in the
mean number of corpora lutea per dam, the mean number of implantation sites per dam, the mean number
of resorptions per litter, or the number of totally resorbed litters. At 300 ppm, there was a significant
increase (p<0.05) in the percentage of resorbed implantations per litter and in the number of litters with
resorptions; however, the results at 800 ppm were comparable to controls, and the percentage of litters
with resorptions reported in the 300 ppm group was within the range reported for historical controls,

suggesting this effect was not chemical- or dose-related (Hayes et al. 1985).

Exposure of rats and guinea pigs to 1,4-DCB at an air concentration of 173 ppm, 7 hours/day,

5 days/week for 2 weeks did not significantly alter relative testis weight. The same results were obtained
after intermittently exposing rats and guinea pigs to 1,4-DCB at air concentrations up to 158 ppm for 5-
7 months (Hollingsworth et al. 1956). There were no treatment-related effects on the reproductive organs
of male or female Wistar rats exposed to 1,4-DCB at concentrations up to 490-499 ppm, 5 hours/day,

5 days/week for 76 weeks (Riley et al. 1980a). The evaluation of reproductive end points included organ

weights and histopathology.
In another chronic inhalation study, groups of 50 male and female F344/DuCrj rats and 50 male and

50 female Crj:BDF1 mice were exposed to 1,4-DCB in concentrations of 0, 20, 75, or 300 ppm for
6 hours/day, 5 days/week for 104 weeks (Japan Bioassay Research Center 1995). Histological
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examinations included reproductive system tissues in both sexes (testis, epididymis, seminal vesicle,
prostate, ovary, uterus, vagina, and mammary gland). The only exposure-related finding in either species
or sex was mineralization of the testis in male mice. Incidences of this lesion were significantly (p<0.05)

increased at >75 ppm (incidences in the control to high dose groups were 27/49, 35/49, 42/50, and 41/49).

The effects of 1,4-DCB vapors on the reproductive performance of Sprague-Dawley rats was assessed in
a 2-generation study in which animals of both sexes were exposed before and during mating (Tyl and
Neeper-Bradley 1989). The females were then exposed on Gd 0-19 and postnatal days 5-27. Effects on
body weight, liver and kidney weight, and hepatocellular hypertrophy were found in the adult rats at
exposure concentrations of 211 and 538 ppm and were indicative of toxicity to the breeding animals.
These effects did not occur with the 66.3 ppm exposure concentration. Both generations of offspring
exposed to the 538 ppm concentration had lower body weights than the controls at lactation day 4;
average litter size and survival rates were decreased. When selected animals from the first filial
generation were allowed to recover from the 1,4-DCB exposure for a 5-week period, body weights of the
538 ppm exposure group remained lower than those for the controls. The authors concluded that parental
toxicity was the cause of the increased risk to offspring rather than inherent effects of 1,4-DCB on
reproductive processes. In addition, no reduction in reproductive performance (as measured by the
percentage of males successfully impregnating females) was observed in an inhalation study in which
male mice were exposed to 1,4-DCB at 75-450 ppm for 6 hours/day for 5 days before being mated with
virgin females (Anderson and Hodge 1976). These data are consistent with the data from the males used

in the 2-generation study discussed above.

3.2.1.6 Developmental Effects

1,2-Dichlorobenzene. No studies were located regarding developmental effects in humans or animals

following inhalation exposure to 1,2-DCB.

1,3-Dichlorobenzene. No studies were located regarding developmental effects in humans or animals

following inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. No studies were located regarding developmental effects in humans after

inhalation exposure to 1,4-DCB.
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Exposure of pregnant Alderley-Park rats to 1,4-DCB via inhalation at levels up to 508 ppm for
6 hours/day on Gd 6-15 did not result in developmental effects in the offspring (Hodge et al. 1977). End
points examined included the number of viable fetuses, fetal weight, litter weight, sex ratio, external

abnormalities, and skeletal and visceral abnormalities.

In a 2-generation study of the effects of inhalation exposure to 1,4-DCB in Sprague-Dawley rats, males
and females that were exposed to 0, 66.3, 211, or 538 ppm 1,4-DCB 6 hours daily for 10 weeks prior to
mating were assessed. The females were also exposed during mating, and on Gd 0-19 and postnatal days
5-27; males were exposed throughout the study. F;and F, pup body weights in the 538 ppm group were
significantly reduced from postnatal day 0 to 28. The number of F;and F, pups that died during the
perinatal period was significantly elevated in the 538 ppm group (Tyl and Neeper-Bradley 1989).

The developmental effects of 1,4-DCB have been evaluated in New Zealand White rabbits (Hayes et al.
1985). Pregnant rabbits were exposed to 1,4-DCB by inhalation at 800 ppm for 6 hours/day on Gd 6-18.
At 300 ppm, there was a significant increase in the number of litters with resorptions and the percentages
of resorbed implantations per litter; however, this effect was not seen at 800 ppm and was thus probably
not treatment-related. An increased incidence of retroesophageal right subclavian artery present in the
offspring was noted; it was not considered to constitute a teratogenic response to exposure to 1,4-DCB,

but was considered only a minor variation.

3.2.1.7 Cancer

1,2-Dichlorobenzene. No studies were located regarding cancer in humans or animals following

inhalation exposure to 1,2-DCB.

1,3-Dichlorobenzene. No studies were located regarding cancer in humans or animals following

inhalation exposure to 1,3-DCB.

1,4-Dichlorobenzene. No studies were located regarding cancer in humans after inhalation exposure to
1,4-DCB.

No evidence of carcinogenicity was observed in a long-term inhalation study in rats that were exposed to
1,4-DCB at 75 or 500 ppm intermittently for 76 weeks (Riley et al. 1980a). The reported lack of
extensive organ toxicity in this study (compared with results seen in oral studies described in

Section 3.2.2.2) strongly suggests that a maximum tolerated dose (MTD) was not achieved. In addition, a
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less-than-lifetime dosing regimen was used. The experimental design limitations preclude reliable

evaluation of potential inhalation carcinogenicity based on this study.

The carcinogenicity of 1,4-DCB was more recently evaluated in groups of 50 male and female
F344/DuCrj rats, and 50 male and 50 female Crj:BDF1 mice, following exposure to concentrations of 0,
20, 75, or 300 ppm for 6 hours/day, 5 days/week for 104 weeks (Japan Bioassay Research Center 1995).
Comprehensive histological evaluations (including nasal cavity, trachea, and lungs) showed no
compound-related neoplastic changes in rats, although incidences of liver and lung tumors were elevated
in mice. The liver tumors were induced in mice of both sexes, generally increased only at 300 ppm, and
were comprised of several tumor types. Liver tumors reported to be significantly increased (p<0.05,
Fisher’s Exact test) in male mice were hepatocellular carcinoma (12/49, 17/49, 16/50, 38/49; p<0.05 at
high dose) and hepatic histiocytic sarcoma (0/49, 3/49, 1/50, 6/49; p<0.05 at high dose). Liver tumors
reported to be significantly increased in female mice were hepatocellular carcinoma (2/50, 4/50, 2/49,
41/50; p<0.05 at high dose), hepatocellular adenoma (2/50, 10/50, 6/49, 20/50; p<0.05 at low and high
doses), and hepatocellular carcinoma or adenoma (4/50, 13/50, 7/49, 45/50; p<0.05 at low and high
doses). The hepatocellular adenomas were increased in female mice at 20 and 300 ppm, but the relevance
of the increase at 20 ppm is unclear given the lack of significant change at 75 ppm. The hepatocellular
carcinomas had hepatoblastoma-like features at 300 ppm in both sexes (8/38 males and 6/41 females).
Lung bronchoalveolar adenoma and carcinoma were significantly increased in female mice (1/50, 4/50,
2/49, 7/50; p<0.05 at high dose). All of the aforementioned liver and lung tumor incidences were

reported to have a significant positive linear trend by the Peto test and/or Cochran-Armitage test.

3.2.2 Oral Exposure

Most of the data described in this section were derived from laboratory studies in which 1,2-, 1,3-, and
1,4-DCB were administered to test animals via gavage. In addition, two human case studies of 1,4-DCB
consumption are described. Case studies are not generally scientifically equivalent to well-conducted
epidemiologic studies or laboratory experiments and should be viewed only as providing contributory
evidence that 1,4-DCB may have caused the reported effects. The available case studies do not provide
unequivocal proof that 1,4-DCB is solely responsible for the reported toxicological effects in humans.
The highest NOAEL and all reliable LOAEL values after oral exposure to 1,2-, 1,3-, and 1,4-DCB are
recorded in Tables 3-3, 3-4, and 3-5, respectively, and plotted in Figures 3-3, 3-4, and 3-5, respectively.
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (a/kgiday) (mg/kg/day) (mglkg/day) Chemical Form
ACUTE EXPOSURE
Death
1 Rat once Ben-Dyke et al. 1970
500 LD50 tad i
(NS) (NS) (LD50) (cited in NTP 1985)
1,2-dichlorobenzene
once DuPont 1982
2 Ra 1500  (lowest lethal dose)
(NS) (GO) 1,2-dichlorobenzene
3 Rat 3d ) ) DuPont 1982
1 x/d 675  (unlikely to survive further )
(NS) exposure to a 25% oil solution) 1,2-dichlorobenzene
(GO)
once Monsanto Co. 1989
4 Rat 1516 (LD50)
(NS) (G) 1,2-dichlorobenzene
14d NTP 1985
> Rét 7 diwk 1000  (100% mortality)
(Fischer-344) 4 1,2-dichlorobenzene
(GO)
14 d NTP 1985
6  Mouse 7 diwk 250  (80% mortality)
(B6C3F1) 1,2-dichlorobenzene
1x/d
(GO)
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
i once Hollingsworth et al. 1958
7 GnPig 2000  (100% mortality) 9
(NS) (GO) 1,2-dichlorobenzene
Systemic
8 Rat once . ) DuPont 1982
Hepatic 1500 (central necrosis)
(NS) (GO) 1,2-dichlorobenzene
Renal 1500  (albuminous fluid and casts in
tubules)
9 Rat 3d ) DuPont 1982
1 x/d Bd Wt 675 (10% body weight loss) i
(NS) 1,2-dichlorobenzene
(GO)
10 Rat 14d Hepati 1000 NTP 1985
epatic
(Fischer- 344) Z%‘;"k P 1,2-dichlorobenzene
(GO)
b . .
Bd Wt 500 M 1000 M (12% reduced body weight gain)
1000 F
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
11 Rat 10d R 300 M Robinson et al. 1991
es
(Sprague- Zd//wdk P 1,2-dichlorobenzene
Dawley) X
(GO)

Cardio 300

Gastro 300 M

Hemato 300 M

Musc/skel 300 M

Hepatic 150 M 300 M (slight necrosis, increased

serum ALT)
c
75F b
150 F (increased liver weight)

Renal 300 M

Endocr 300 M

Dermal 300

b
Bd Wt 150 M 300 M (10.9% reduced body weight
gain)
300 F
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
12 Mouse I Hepai 250  (hepatocellular d t NTP 1985
epatic epatocellular degeneration
(B6C3F1) Zg;dw" P (hep 9 ) 1,2-dichlorobenzene
(GO)
13 Mouse 14d Hepati 500 (hepatocellul is and NTP 1985
epatic epatocellular necrosis an )
(B6C3F1) [ AWK degeneration) 1,2-dichlorobenzene
(GO)
Bd Wt 500
Immuno/ Lymphoret
14 Rat 10d Robinson et al. 1991
7d/wk 300 !
(Sprague- 1 x/d 1,2-dichlorobenzene
Dawley) X
(GO)
Developmental
15 Rat 10d 200 F Ruddick et al. 1983
(Sprague- Gd 6-15 1,2-dichlorobenzene
Dawley) (G)
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
INTERMEDIATE EXPOSURE
Systemic
16 Rat 192d H ‘ 376 F Hollingsworth et al. 1958
emato
(NS) 5 diwk 1,2-dichlorobenzene
Hepatic 376 F (slight to moderate cloudy
swelling)
Renal 376 F
Bd Wt 376 F
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
17 Rat 13 wk R 500 NTP 1985
es
(Fischer- 344) ? g//de P 1,2-dichlorobenzene
(GO)
Cardio 500
Gastro 500
Hemato 500
Musc/skel 500
d
Hepatic 60 125 (increased liver weight)
b .
Renal 250 M 500 M (renal tubular degeneration)
500 F
Endocr 500
Dermal 500
Ocular 500
Bd Wt 500 F 500 M
b
250 F
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
15d Rimington and Ziegler 1963

18 Rat. 1x/d Hepatic 455 M (necrosis and fatty changes, 9 9

(albino) porphyria) 1,2-dichlorobenzene
(G)

19 Rat 90d Res 400 M Robinson et al. 1991
(Sprague- 7diwk P 1,2-dichlorobenzene
Dawley) 1x/d

(GO)
Cardio 400
Hepatic 400 (centrilobular degeneration,

single cell necrosis)

Renal 400
Endocr 400 M
Bd Wt 400 M (12.8% decreased body weight

gain)
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
20 Mouse 13 wk R 500 NTP 1985
es
(B6C3F1) ? g//de P 1,2-dichlorobenzene
(GO)
Cardio 250 500 (mineralization of myocardial
fibers)
Gastro 500
Hemato 500
Musc/skel 250 500 (mineralization of myocardial
and skeletal muscle fibers)
] b b . .
Hepatic 125 M 250 M (single cell necrosis,
hepatocellular degeneration)
250 F
500 F
Renal 500
Endocr 500
Dermal 500
Ocular 500
Bd Wt 500 500 (11-19% reduced body weight

gain)
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral (continued)

Exposure/ LOAEL
Duration/
Key tg Species s F"e_;l_uescyt NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) (mglkg/day) (mg/kg/day) (mglkg/day) Chemical Form
Immuno/ Lymphoret
21 Rat 13 wk 250 M 500 M ( hoid depletion in h ) NTP 1985
mphoid depletion in thymus
(Fischer- 344) ? g//de yme P y 1,2-dichlorobenzene
(GO)
22 Rat 90d Robinson et al. 1991
7d/wk 400 !
(Sprague- 1 x/d 1,2-dichlorobenzene
Dawley)
(GO)
23 Mouse 13 wk 500 NTP 1985
(B6C3F1) fg;dw" 1,2-dichlorobenzene
(GO)
Neurological
24 Rat 13 wk 500 NTP 1985
(Fischer- 344) ?g;(‘;"k 1,2-dichlorobenzene
(GO)
15d Rimington and Ziegler 1963
25 Rat. 1x/d 455 M (ataxia, clonic contractions) g 9
(albino) 1,2-dichlorobenzene
(G)
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
26 Rat 90d Robinson et al. 1991
7diwk 400 .
(Sprague- 1 x/d 1,2-dichlorobenzene
Dawley) X
(GO)
27 Mouse 13 wk NTP 1985
5 d/wk 500 '
(B6C3F1) 1,2-dichlorobenzene
1 x/d
(GO)
Reproductive
28 Rat 13 wk NTP 1985
; 5 diwk 500 .
(Fischer- 344) 1 x/d 1,2-dichlorobenzene
(GO)
29 Mouse 13 wk NTP 1985
5 d/wk 500 '
(B6C3F1) 1,2-dichlorobenzene
1 x/d
(GO)
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
CHRONIC EXPOSURE
Systemic
30 Rat 103 wk R 120 NTP 1985
es
(Fischer- 344) ? g//de P 1,2-dichlorobenzene
(GO)
Cardio 120
Gastro 120
Musc/skel 120
Hepatic 120
Renal 120
Endocr 120
Dermal 120
Ocular 120
Bd Wt 120
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
31 Mouse 103 wk R 120 NTP 1985
es
(B6C3F1) f g//dw" P 1,2-dichlorobenzene
(GO)

Cardio 120

Gastro 120

Musc/skel 120

Hepatic 120

e

Renal 60 120 (renal tubular regeneration)

Endocr 120

Dermal 120

Ocular 120

Bd Wt 120

Immuno/ Lymphoret
32 Rat 103 wk 120 NTP 1985
(Fischer- 344) ? g//de 1,2-dichlorobenzene
(GO)
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Table 3-3 Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
33 Mouse 103 wk 120 NTP 1985
(B6C3F1) O dMwk 1,2-dichlorobenzene
1 x/d
(GO)
Neurological
34 Rat 103 wk NTP 1985
. 5 diwk 120 .
(Fischer- 344) 1 x/d 1,2-dichlorobenzene
(GO)
35 Mouse 103 wk 120 NTP 1985
(B6C3F1) O dMwk 1,2-dichlorobenzene
1 x/d
(GO)
Reproductive
36 Rat 103 wk NTP 1985
5 diwk 120

(Fischer- 344) 1,2-dichlorobenzene

1 x/d
(GO)

a = The number corresponds to entries in Figure 3-3.

b Differences in levels of health effects and cancer effects between male and females are not indicated in Figure 3-3. Where such differences exist, only the levels of effect for the
most sensitive gender are presented.

¢ Used to derive an acute-duration oral Minimal Risk Level (MRL) of 0.8 mg/kg/day; dose divided by an uncertainty factor of 100 (10 for animal to human extrapolation and 10 for
human variability).

d Used to derive an intermediate-duration oral Minimal Risk Level (MRL) of 0.4 mg/kg/day. The duration-adjusted dose was divided by an uncertainty factor of 100 (10 for animal to
human extrapolation and 10 for human variability).

e Used to derive a chronic-duration oral Minimal Risk Level (MRL) of 0.4 mg/kg/day. The duration-adjusted dose was divided by an uncertainty factor of 100 (10 for animal to human
extrapolation and 10 for human variability).

Bd Wt = body weight; ; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; F = Female; Gastro = gastrointestinal; Gd = gestational day; Gn pig =
guinea pig; hemato = hematological; hr = hour(s); LOAEL = lowest-observed-adverse-effect level; M = male; min = minute(s); mo = month(s); Musc/skel = musculoskeletal; NOAEL =
no-observed-adverse-effect level; NS = not specified; occup = occupational; Resp = respiratory; x = time(s); (W) = drinking water; wk = week(s); yr = year(s)
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Figure 3-3. Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral
Acute (<14 days)
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Figure 3-3. Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-3. Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-3. Levels of Significant Exposure to 1,2-Dichlorobenzene

Chronic (=365 days)

- Oral (Continued)
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Figure 3-3. Levels of Significant Exposure to 1,2-Dichlorobenzene - Oral (Continued)
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Table 3-4 Levels of Significant Exposure to 1,3-Dichlorobenzene - Oral

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (a/kgiday) (mg/kg/day) (mglkg/day) Chemical Form
ACUTE EXPOSURE
Death
once Monsanto Co. 1980
1 Rat 1200 M (14-day LD50)
(Sprague- (G) 1,3-dichlorobenzene
Dawley)
1000 F (14-day LD50)
Systemic
2 Rat 10d R - McCauley et al. 1995
es
(Sprague- 7diwk P 1,3-dichlorobenzene
Dawley) (GO)
Gastro 735
Hemato 735
Musc/skel 735
b
Hepatic 37M 368 (increased liver weight)
147 F
Renal 735
Endocr 735
Dermal 735
Bd Wt 368 735  (reduced body weight gain)
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Table 3-4 Levels of Significant Exposure to 1,3-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL

Duration/
Key tc? Species Fre_q_uency NOAEL Less Serious Serious
figure (Strain)  (SpecificRoute) g g0 (nokgiday)  (mglkgiday) (mg/kg/day)

Reference
Chemical Form

Immuno/ Lymphoret

3 Rat 10d 735
(Sprague- 7diwk
Dawley) (GO)
Neurological
4 Rat 10d 735
(Sprague- Tdiwk
Dawley) (GO)
Reproductive
5 Rat 10d 735
(Sprague- 7diwk
Dawley) (GO)
Developmental
6 Rat 10d 200 F
(Sprague- Gd 6-15
Dawley) (G)

McCauley et al. 1995
1,3-dichlorobenzene

McCauley et al. 1995
1,3-dichlorobenzene

McCauley et al. 1995
1,3-dichlorobenzene

Ruddick et al. 1983
1,3-dichlorobenzene
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Table 3-4 Levels of Significant Exposure to 1,3-Dichlorobenzene - Oral

(continued)

cholesterol levels)

37 F (increased serum AST and
cholesterol levels)

Renal 588

d
Endocr 9F 9 M (reduced colloidal density in
thyroid follicles)

147 M (increased cytoplasmic

vacuolization in pituitary pars

distalis)

37 F (reduced colloidal density in
thyroid follicles)

Dermal 588

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
INTERMEDIATE EXPOSURE
Systemic
7 Rat 90d R 588 McCauley et al. 1995
es
(Sprague- 7diwk P 1,3-dichlorobenzene
Dawley) (GO)
Gastro 588
c c
Hemato 37M 147 M (increased leukocyte levels)
147 F 588 F (increased leukocyte levels)
Musc/skel 588
C
Hepatic 9 M (increased serum AST and
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Table 3-4 Levels of Significant Exposure to 1,3-Dichlorobenzene - Oral (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
Bd Wt 147 588  (body weight gain was reduced
24% in males and 10% in
females)
Immuno/ Lymphoret
8 Rat 90d 588 McCauley et al. 1995
(Sprague- 7diwk 1,3-dichlorobenzene
Dawley) (GO)
Neurological
9 Rat 90d McCauley et al. 1995
s 7d/wk 588 !
(Sprague- 1,3-dichlorobenzene
Dawley) (GO)

a = The number corresponds to entries in Figure 3-4.

b Used to derive an acute-duration oral Minimal Risk Level (MRL) of 0.4 mg/kg/day; dose divided by an uncertainty factor of 100 (10 for animal to human extrapolation and 10 for
human variability).

c Differences in levels of health effects and cancer effects between male and females are not indicated in Figure 3-4. Where such differences exist, only the levels of effect for the
most sensitive gender are presented.

d Used to derive an intermediate-duration oral Minimal Risk Level (MRL) of 0.03 mg/kg/day; dose divided by an uncertainty factor of 300 (3 for use of a minimal LOAEL, 10 for animal
to human extrapolation, and 10 for human variability).

Bd Wt = body weight; ; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; F = Female; Gastro = gastrointestinal; Gd = gestational day; Gn pig =
guinea pig; hemato = hematological; hr = hour(s); LOAEL = lowest-observed-adverse-effect level; M = male; min = minute(s); mo = month(s); Musc/skel = musculoskeletal; NOAEL =
no-observed-adverse-effect level; NS = not specified; occup = occupational; Resp = respiratory; x = time(s); (W) = drinking water; wk = week(s); yr = year(s)
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Figure 3-4. Levels of Significant Exposure to 1,3-Dichlorobenzene - Oral
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Figure 3-4. Levels of Significant Exposure to 1,3-Dichlorobenzene - Oral (Continued)

Intermediate (15-364 days)
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (a/kgiday) (mg/kg/day) (mglkg/day) Chemical Form
ACUTE EXPOSURE
Death
1 Rat once 3863 M (LD50) Gaines and Linder 1986
(Sherman) (GO) 1,4-dichlorobenzene
b
3790 F (LD50)
Holli rth et al. 1956
2 Rat once 4000  (LD100) ollingworth et a
(NS) (GO) 1,4-dichlorobenzene
14d NTP 1987
3 Ra.t 1 x/d 2000 M (5/5 males died)
(Fischer- 344) 1,4-dichlorobenzene
(GO) b ,
1000 F (4/5 females died)
14d NTP 1987
4 Mouse 1 x/d 4000 (1010 deaths by day 4)
(B6C3F1) 1,4-dichlorobenzene
(GO)
i Holli rth et al. 1956
5 Gn Pig once 2800  (LD100) ollingsworth et a
(NS) (GO) 1,4-dichlorobenzene

S3IN3IZN3I90HOTHOIA

S103443 H1TV3IH '€

443



Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

a
Key to Species

»+LNFNWOD O1719Nd HOH LAVHQsxx

(Fischer- 344) (GO)

Exposure/ LOAEL
Duration/
Frequency NOAEL Less Serious Serious Reference
(Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
once Allis et al. 1992
Hemato 2790 M .
1,4-dichlorobenzene
Hepatic 95 M (decreased relative liver weight) 475 M (centrilobular vacuolar
degeneration)
3d . Ariyoshi et al. 1975
1 x/d Hepatic 250 F .
1,4-dichlorobenzene
(©)
Bd Wt 250 F
14d . . . Carlson and Tardiff 1976
1 x/d Hepatic 10M 20 M (increase in glucuronyl )
transferase and EPN 1,4-dichlorobenzene
(GO) detoxification activities)
14 d . . . Carlson and Tardiff 1976
1 x/d Hepatic 300 M 650 M (6.5-fold increase in serum )
(GO) isocitrate dehydrogenase 1,4-dichlorobenzene

activity)
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
10 Rat 14d . ) Carlson and Tardiff 1976
. 1x/d Hepatic 650 M (decreased hexobarbital )
(albino) sleeping time; increased 1,4-dichlorobenzene
(GO) isocitrate dehydrogenase)
1 Rat once ) ) ) Charbonneau et al. 1987
] Renal 500 F 500 M (increase in protein droplet .
(Fischer- 344) (GO) formation) 1,4-dichlorobenzene
12 Rat 7d . . Charbonneau et al. 1987
] 1 x/d Renal 120 M (protein droplet formation) )
(Fischer- 344) 1,4-dichlorobenzene
(GO)
13 Rat once Heoati 600 F ( dli ight) Eldridge et al. 1992
epatic increased liver wei
(Fischer- 344) (GO) P 9 1,4-dichlorobenzene
Bd Wt 600 F
14 Rat once ) . Eldridge et al. 1992
Hepatic 600 F (centrilobular hepatocyte

(Fischer- 344) (GO)

vacuolation)

1,4-dichlorobenzene
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species s F"e_;l_uescyt NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
15 Rat 1 wk . ) ) Lake et al. 1997
. 5 d/wk Hepatic 25M 75 M (increased microsomal .
(Fischer- 344) 1x/d 7-pentaoxyresorufin O - 1,4-dichlorobenzene
(GO) depentylase activity)
Renal 300 M
Bd Wt 150 M 300 M (approx. 10% decr. body weight
gain)
16 Rat 14d b o NTP 1987
Fischer- 344) 1X/d Bd Wt 500 M 1000 M (7-12% decrease in final body
(Fischer- ) (0) weight)
1000 F
17 Rat 14d L NTP 1987
; 1x/d Bd Wt 500 1000  (13.5% reduction in final body )
(Fischer- 344) weight in males, 16.7% in 1,4-dichlorobenzene
(GO) females)
5d Rimington and Ziegler 1963
18 Rat‘ 1 x/d Hepatic 850 M (porphyria; degeneration of 'g g
(albino) ©) hepatocytes; focal necrosis) 1,4-dichlorobenzene

S103443 H1TV3IH '€

S3IN3IZN3I90HOTHOIA

gacl



»+LNFNWOD O1719Nd HOH LAVHQsxx

Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference

(Specific Route)

figure (Strain) System  (mg/kg/day) (mgl/kg/day) (mgl/kg/day) Chemical Form
5d Rimington and Ziegler 1963
19 Rat. 1x/d Hepatic 770 M (porphyria; degeneration of .g 9
(albino) ©) hepatocytes; focal necrosis) 1,4-dichlorobenzene
Bd Wt 770 M
Other 770 M (loss of appetite)
20 Mouse once Heoati 600 (i dli ight) Eldridge et al. 1992
epatic increased liver wei
(B6C3F1)  (GO) P g 1,4-dichlorobenzene
Bd Wt 600
21 Mouse once . . Eldridge et al. 1992
Hepatic 600 (centrilobular hepatocyte )
(B6C3F1) (GO) vacuolation) 1,4-dichlorobenzene
22 Mouse 1 wk ) ) o . Lake et al. 1997
5 d/wk Hepatic 300 M (increased relative liver weight) )
(B6C3F1) 1x/d 1,4-dichlorobenzene
(GO)
Renal 600 M
Bd Wt 600 M

S103443 H1TV3IH '€

S3IN3IZN3I90HOTHOIA

9cl



»+LNFNWOD O1719Nd HOH LAVHQsxx

Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species s F"e_;l_uescyt NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
23 Mouse 14d NTP 1987
1 x/d Bd Wt 1000 )
(B6C3F1) 1,4-dichlorobenzene
(GO)
24 Mouse 14d o NTP 1987
1 x/d Bd Wt 250 M (13.3% reduction in final body )
(B6C3F1) weight) 1,4-dichlorobenzene
(GO)
25 Mouse 4d ) ) ) ) Umemura et al. 1992
1 x/d Hepatic 300 (increased liver weight and )
(B6C3F1) (0) hepatocyte proliferation) 1,4-dichlorobenzene
Renal 600
26 Mouse Once . ) o Umemura et al. 1996
Hepatic 1000 M 1800 M (increased ALT activity; severe .
(B6C3F1) centrilobular hepatocyte 1,4-dichlorobenzene
swelling)
27 Mouse Once Hepatic 1800 M (i d ALT activit Umemura et al. 1996
i increase activity;
(B6C3F1) P Y 1 4-dichlorobenzene

increased BrdU labeling)
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
Neurological
5d Rimington and Ziegler 1963
28 Rat. 1 x/d 770 M (clonic contractions; slight 9 9
(alblno) (G) tremors; hemiparesis) 1,4-dich|0r0benzene
Reproductive
29 Rat 10d 1000 F Giavini et al. 1986
(CD) ??(/2-1 S 1,4-dichlorobenzene
(GO)
Developmental
30 Rat 10d ) o Giavini et al. 1986
Gd 6-15 250 F 500 F (increased incidence of fetuses )
(CD) 1 x/d with an extra rib) 1,4-dichlorobenzene
(GO)

INTERMEDIATE EXPOSURE

Death
31 Rat 13 wk
(Fischer- 344) 2 d/wk
(GO)
32 Mouse 13 wk
(B6C3F1) O Ik
(GO)

b
1200 M (5/10 males died)

NTP 1987
1,4-dichlorobenzene

1500 F (9/10 females died)

NTP 1987

died) 1,4-dichlorobenzene

1500  (3/10 males and 5/10 females
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

Exposure/ LOAEL
Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
3 wk Naylor and Stout 1996
38 Dog 5 diwk 150  (3/6 deaths) y
1,4-dichlorobenzene
1x/d
(@)
Systemic
34 Rat 30-120d . Carlson 1977
1 x/d Hepatic 200 F .
(NS) 1,4-dichlorobenzene
(GO)
35 Rat 13 wk . ) ) ) Eldridge et al. 1992
) 5 d/wk Hepatic 600 F (increased liver weight; )
(Fischer- 344) hypertrophic centrilobular 1,4-dichlorobenzene
(GO) hepatocytes)
Bd Wt 600 F
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
36 Rat 192d H ‘ 188 F Hollingsworth et al. 1956
emato
(NS) 5 d/wk 1,4-dichlorobenzene
(GO)
Hepatic 188 F (slight increase in liver weight; 376 F (slight cirrhosis, focal necrosis)
not quantified)
Renal 188 F (slight increase in kidney
weight; not quantified)
Ocular 376 F
37 Rat 4 or 13 wk . . o . Lake et al. 1997
) 5 d/wk Hepatic 25M 75 M (increased relative liver weight, .
(Fischer- 344) 1x/d induction of microsomal P450 1,4-dichlorobenzene
and 7-pentoxyresorufin
(GO) O-depentylase activity)
Renal 75 M 150 M (increased relative kidney
weight)
Bd Wt 75 M 150 M (approx. 10% decreased body
weight gain)
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain)  (SpecificRoute) g g0n (1 okgiday)  (malkglday) (mg/kg/day) Chemical Form
38 Rat 13 wk R 600 NTP 1987
es
(Fischer- 344) 5 diwk P 1,4-dichlorobenzene
(GO)

Cardio 600

Gastro 600

Musc/skel 600

Hepatic 600

b
Renal 300 M 600 M (moderate tubular degeneration
in 9/10)
600 F

Endocr 600

Dermal 600

Ocular 600

Bd Wt 600
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
39  Rat 13 wk . . NTP 1987
; 5 d/wk Resp 900 1200 (epithelial necrosis of nasal )
(Fischer- 344) turbinates) 1,4-dichlorobenzene
(GO)
Cardio 1500
Gastro 900 1200 (epithelial necrosis of small
intestine mucosa)
b
Hemato 300 F 300 M (slight decreases in red blood
cell count, hematocrit, and
hemoglobin concentration)
600 F (decrease in mean corpuscular
volume)
Musc/skel 1500
b . .
Hepatic 300 M 600 M (significant increase in serum 1200  (degeneration and necrosis of
cholesterol) hepatocytes)
900 F
Renal 1500 F 300 M (necrosis of renal cortical
tubular epithelium)
Endocr 1500
Dermal 1500
b b
Ocular 900 M 1200 M (ocular discharge)
1200 F 1500 F (ocular discharge)
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species s F"e_;l_uescyt NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
40 Rat 13 wk b o ) . NTP 1987
) 5 d/wk Bd Wt 900 F 300 M (11% decrease in final body 1500 M (final body weight reduced by ]
(Fischer- 344) weight) 20-32%) 1,4-dichlorobenzene
(GO)
1200 F (11% decrease in final body
weight)
| Mouse 13 wk . ) ) ) Eldridge et al. 1992
5 d/wk Hepatic 300 600 (increased liver weight; .
(B6C3F1) hypertrophic centrilobular 1,4-dichlorobenzene
(GO) hepatocytes)
Bd Wt 600
42 Mouse 4 or 13 wk . . o . . Lake et al. 1997
5 d/wk Hepatic 300 M (increased relative liver weight; 600 M (marked centrilobular )
(B6C3F1) 1x/d induction of microsomal hypertrophy, induction of 1,4-dichlorobenzene
7-pentoxyresorufin microsomal cytochrome P450)
(GO) O-depentylase activity)
Renal 600 M
Bd Wt 600 M
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
43 Mouse 13 wk R 1800 NTP 1987
es
(B6C3F1) O diwk P 1,4-dichlorobenzene
(GO)
Cardio 1800
Gastro 1800
Hemato 1800 F 600 M (34% reduction in WBC count)
Musc/skel 1800
Hepatic 600 (hepatocellular degeneration in
7/10 males and 9/10 females)
Renal 1800
Endocr 1800
Dermal 1800
Ocular 1800
Bd Wt 600 (final body weight reduced

13.9% in males and 10.3% in
females)
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
44 Mouse 13 wk R 900 NTP 1987
es
(B6C3F1) O diwk P 1,4-dichlorobenzene
(GO)
Cardio 900
Gastro 900
Hemato 900
Musc/skel 900
Hepatic 338 675 (moderate hepatocytomegaly in
9/10 males and 10/10 females)
Renal 900
Endocr 900
Dermal 900
Ocular 900
Bd Wt 900
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
45 Dog 1yr Naylor and Stout 1996
5 d/wk Resp 75 .
1x/d 1,4-dichlorobenzene
(@)
Cardio 75
Gastro 75
Hemato 50 75  (significantly reduced RBC in
females and HCT)
Musc/skel 75
C
Hepatic 10 50 (hepatocellular hypertrophy and
pigment deposition, bile
duct/ductule hyperplasia,
hepatic portal inflammation)
Renal 10 50  (suggestive collecting duct
epithelial vacuolation)
Endocr 75
Dermal 75
Ocular 75
Bd Wt 75
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/
Duration/

Key tc? Species Frequency NOAEL

figure

(Strain) (Specific Route) System (mglkg/day)

LOAEL

Less Serious Serious
(mg/kg/day) (mg/kg/day)

Reference
Chemical Form

46

47

48

49

Rabbit 219d ]
(NS) 92 doses Hepatic
(GO)
Bd Wt
Immuno/ Lymphoret
Rat 13 wk 900
(Fischer- 344) 3 d/wk
(GO)
Mouse 13 wk
(B6C3F1) O d/wk 1000
(GO)
Dog 1yr
5 diwk 75
1x/d
(@)

1000 (cloudy swelling, very few areas
of focal necrosis)

1000 (weight loss, not quantified)

Hollingsworth et al. 1956
1,4-dichlorobenzene

NTP 1987

1200 (lymphoid depletion of thymus

and spleen)

1,4-dichlorobenzene

NTP 1987

1500 (lymphoid necrosis in thymus;
lymphoid depletion in the 1,4-dichlorobenzene
spleen; hematopoietic
hypoplasia in spleen and bone

marrow)

Naylor and Stout 1996
1,4-dichlorobenzene
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
Neurological
13 wk b b NTP 1987
%0 Ra.t 5 d/wk 900 M 1200 M (tremors, poor motor response)
(Fischer- 344) 1,4-dichlorobenzene
(GO)
1200 F 1500 F (tremors, poor motor response)
i 219d Hollingsworth et al. 1956
31 Rabbit 92 doses 1000 (marked tremors) 9
(NS) 1,4-dichlorobenzene
(GO)
Reproductive
52 Rat 77-156 d 270 Bornatowicz et al. 1994
7 diwk .
(Dsa%;?gy)e- premating-laciation, 1,4-dichlorobenzene
two generations
(GO)
53 Rat 13 wk 1500 NTP 1987
(Fischer- 344) 2 d/wk 1,4-dichlorobenzene
(GO)
54 Mouse 13 wk _ _ _ NTP 1987
5 d/wk 1800 M 1500 F (increase in relative ovary )
(B6C3F1) weight) 1,4-dichlorobenzene
(GO) b
1000 F
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/

Key tc? Species Frequency NOAEL Less Serious Serious Reference

figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form

Developmental
55 Rat 77-156 d . Bornatowicz et al. 1994
7 d/wk 30F 90 F (increased i
(Sprague- postnatal/preweaning mortality ~ 1,4-dichlorobenzene

Dawley) two generations

(GO)

CHRONIC EXPOSURE

Death
56 Rat 2yr
(Fischer- 344) 3 d/wk
(GO)
57 Rabbit 367
(NS) 5 d/iwk
(GO)

premating-lactation,

in F1 and F2 pups)

NTP 1987
300 M (26/50 compound-related
deaths) 1,4-dichlorobenzene

Hollingsworth et al. 1956

500 (some deaths; not quantified)
1,4-dichlorobenzene
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
Systemic
58 Rat 2yr R 300bM NTP 1987
es
(Fischer- 344) 5 diwk P 1,4-dichlorobenzene
(GO)
600 F
b
Cardio 300 M
600 F
b
Gastro 300 M
600 F
b
Hemato 300 M
600 F
b
Musc/skel 300 M
600 F
b
Hepatic 300 M
600 F
Renal 150 M (moderate nephropathy) 300 (increased severity of the
nephropathy)
Endocr 600 F 150 M (increased incidence of

parathyroid hyperplasia)

S103443 H1TV3IH '€

S3IN3IZN3I90HOTHOIA

(045



»+LNFNWOD O1719Nd HOH LAVHQsxx

Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
59 Rat 2yr b NTP 1987
. 5 d/wk Dermal 300 M .
(Fischer- 344) 1,4-dichlorobenzene
(GO)
600 F
b
Ocular 300 M
600 F
b b
Bd Wt 150 M 300 M (12.5% decrease in body weight
gain)
300 F

600 F (12.4% decrease in body weight
gain)

S103443 H1TV3IH '€

S3IN3IZN3I90HOTHOIA

Lyl



»+LNFNWOD O1719Nd HOH LAVHQsxx

Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
60 Mouse 2yr R 500 NTP 1987
es
(B6C3F1) O diwk P 1,4-dichlorobenzene
(GO)
Cardio 600
Gastro 600
Hemato 600
Musc/skel 600
Hepatic 300 (hepatocellular degeneration,
hepatocyte swelling and
vacuolation)
Renal 300 (nephropathy, degeneration of
cortical tubular epithelium)
Endocr 600 F 300 M (follicular cell hyperplasia in
thyroid; adrenal medullary
hyperplasia; focal hyperplasia of
adrenal gland capsule)
Dermal 600
Ocular 600
Bd Wt 600
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form
61 Rabbit 367 d . . Hollingsworth et al. 1956
5 d/wk Hepatic 500 (cloudy swelling, very few areas .
(NS) (0) of focal necrosis) 1,4-dichlorobenzene
Bd Wt 500 (weight loss, not quantified)
Immuno/ Lymphoret
62  Rat 2yr 600 NTP 1987
(Fischer- 344) 5 diwk 1,4-dichlorobenzene
(GO)
63 Mouse 2yr . o NTP 1987
5 d/wk 300 (increased incidence of .
(B6C3F1) lymphoid hyperplasia of lymph 1,4-dichlorobenzene
(GO) nodes)
Neurological
64 Rat 2yr 600 NTP 1987
(Fischer- 344) 5 diwk 1,4-dichlorobenzene
(GO)
65 Mouse 2yr 500 NTP 1987
(B6C3F1) O d/wk 1,4-dichlorobenzene
(GO)
i 367 d Hollingsworth et al. 1956
66 Rabbit 5 d/wk 500 (marked tremors) 9
(NS) 1,4-dichlorobenzene
(GO)
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Table 3-5 Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral

(continued)

Exposure/ LOAEL

Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (naikgiday) (mg/kg/day) (mglkg/day) Chemical Form

Reproductive
67 Rat 2yr

600
(Fischer- 344) 3 d/wk
(GO)
68 Mouse 2yr
600
(B6C3F1) O diwk
(GO)
Cancer
69  Rat 2yr
(Fischer- 344) 2 d/Wk
(GO)
70 Mouse 2yr
(B6C3F1) O diwk
(GO)

NTP 1987
1,4-dichlorobenzene

NTP 1987
1,4-dichlorobenzene

NTP 1987

300 M (CEL: increased incidence of
1,4-dichlorobenzene

combined renal tubular cell
adenocarcinoma and adenoma)

. - NTP 1987
600 (CEL: increased incidence of ]
hepatocellular carcinomas and  1,4-dichlorobenzene
adenomas)

a = The number corresponds to entries in Figure 3-5.

b Differences in levels of health effects and cancer effects between male and females are not indicated in Figure 3-5. Where such differences exist, only the levels of effect for the

most sensitive gender are presented.

¢ Used to derive an intermediate-duration oral minimal risk level (MRL) of 0.07 mg/kg/day. The duration-adjusted dose was divided by an uncertainty factor of 100 (10 for animal to

human extrapolation and 10 for human variability).

Bd Wt = body weight; ; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; F = Female; Gastro = gastrointestinal; Gd = gestational day; Gn pig =
guinea pig; hemato = hematological; hr = hour(s); LOAEL = lowest-observed-adverse-effect level; M = male; min = minute(s); mo = month(s); Musc/skel = musculoskeletal; NOAEL =
no-observed-adverse-effect level; NS = not specified; occup = occupational; Resp = respiratory; x = time(s); (W) = drinking water; wk = week(s); yr = year(s)
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Figure 3-5. Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral
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Figure 3-5. Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral (Continued)
Acute (<14 days)
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Figure 3-5. Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-5. Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-5. Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral (Continued)
Chronic (=365 days)
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Figure 3-5. Levels of Significant Exposure to 1,4-Dichlorobenzene - Oral (Continued)
Chronic (=365 days)
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3. HEALTH EFFECTS

3.2.2.1 Death

1,2-Dichlorobenzene. No studies were located regarding death in humans after oral exposure to
1,2-DCB.

Single-dose LDsg values of 500 and 1,516 mg/kg have been reported for 1,2-DCB in rats administered the
compound in oil by gavage (Ben-Dyke et al. 1970; Monsanto Co. 1989). Rats that were gavaged with a
25% solution of 1,2-DCB in peanut oil at a dose of 675 mg/kg/day for 3 days were considered unlikely to
survive further exposures (DuPont 1982). Guinea pigs that were treated with a single gavage dose of
1,2-DCB as a 50% solution in olive oil had no deaths at 800 mg/kg and 100% mortality at 2,000 mg/kg
(Hollingsworth et al. 1958).

Rats that were administered 1,2-DCB in oil by gavage for 14 consecutive days and observed until day 20
experienced 100% mortality at 1,000 mg/kg/day and no deaths at 500 mg/kg/day and lower doses (NTP
1985). Mice that were similarly treated with 1,2-DCB for 14 days had 80% mortality in both sexes at
250 mg/kg/day (lowest tested dose) and 80-100% mortality at >500 mg/kg/day (NTP 1985). The
reliability of the 14-day findings is uncertain because there were no clear effects of gavage exposure to
1,2-DCB in oil on survival in rats or mice exposed to <500 mg/kg/day, 5 days/week for 13 weeks (NTP
1985), rats exposed to 400 mg/kg/day on 7 days/week for 90 days (Robinson et al. 1991), or rats or mice
exposed to <120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985). Information in the longer-term
NTP (1985) studies suggests that gavage error might have contributed to some of the deaths in the 14-day

studies.

1,3-Dichlorobenzene. No studies were located regarding death in humans after oral exposure to
1,3-DCB.

Acute oral LDsvalues of 1,200 and 1,000 mg/kg were determined in male and female Sprague-Dawley
rats, respectively, administered a single dose of 1,3-DCB by gavage and observed for the following
14 days (Monsanto Co. 1980).

No mortality or overt signs of toxicity occurred in male or female Sprague-Dawley rats that were exposed

to 1,3-DCB in corn oil by gavage in doses as high as 735 mg/kg/day for 10 consecutive days, or
588 mg/kg/day for 90 consecutive days (McCauley et al. 1995).
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1,4-Dichlorobenzene. No studies were located regarding death in humans after oral exposure to
1,4-DCB.

Animal mortality data for 1,4-DCB are available from acute-, intermediate-, and chronic-duration studies.
In acute-duration animal studies, a single dose by gavage in olive oil of 1,000 mg/kg to rats and

1,600 mg/kg to guinea pigs resulted in no deaths, while a single dose of 4,000 mg/kg to rats and

2,800 mg/kg to guinea pigs resulted in 100% mortality (Hollingsworth et al. 1956). Similar results were
seen in groups of adult male albino rats administered various doses of 1,4-DCB in corn oil once daily for
14 days; administration of 1,4-DCB at doses up to 600 mg/kg did not result in any deaths (Carlson and
Tardiff 1976). Oral LDs, (lethal dose, 50% kill) values for adult Sherman rats administered 1,4-DCB in
peanut oil were calculated to be 3,863 and 3,790 mg/kg for males and females, respectively (Gaines and
Linder 1986). In contrast, groups of male F344 rats (n=1/group) were administered 13-27,900 mg/kg
body weight in corn oil via gavage. Twenty-four hours after dosing, the animals were weighed and

exsanguinated. No mortality among the 1,4-DCB-treated rats was observed (Allis et al. 1992).

In one series of studies (NTP 1987), the lethality data for 1,4-DCB, when administered for 14 days by
gavage in corn oil to F344 rats and B6C3F; mice, were rather inconsistent. In one of these studies, no
1,4-DCB-related deaths occurred in rats of either sex that received doses up to 1,000 mg/kg/day; however,
in the second rat study, four of five females (80%) at 1,000 mg/kg/day died, and all rats dosed at

>2,000 mg/kg/day died. In one 14-day study in mice, no 1,4-DCB-related deaths occurred in either sex at
levels up to 1,000 mg/kg/day; however, in a second 14-day mouse study, 70% of mice at 1,000 mg/kg/day
died, and all mice that received 4,000 mg/kg/day died within 4 days. At 1,200 mg/kg/day, 5 of 10 male
and 1 of 10 female rats died. No deaths occurred at 600 mg/kg/day.

In 13-week gavage studies, 17 of 20 rats (8 of 10 males and 9 of 10 females) dosed with 1,4-DCB in corn
oil 5 days/week at 1,500 mg/kg/day died. When dosed in like manner with 1,200 mg/kg/day, 5 of

10 male and 1 of 10 female rats died. No deaths occurred at doses of <600 mg/kg/day (NTP 1987).
Mortality rates in mice were somewhat lower; 8 of 20 (3 of 10 males and 5 of 10 females) animals dosed
with 1,500 mg/kg/day 1,4-DCB in corn oil 5 days/week died. No deaths occurred in males or females at
doses up to 900 and 1,000 mg/kg/day, respectively (NTP 1987).

High mortality was reported in male rats that received 1,4-DCB 5 days/week by gavage in corn oil in a
2-year study (NTP 1987). At 300 mg/kg/day, 26 of 50 males (52%) died; however, survival of female
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rats at 600 mg/kg/day was comparable to controls. There was no excess mortality in mice of either sex
that received 1,4-DCB 5 days/week by gavage in corn oil for 2 years at levels up to 600 mg/kg/day (NTP
1987). The high rate of mortality in male rats was probably related, in part, to the severe nephrotoxic
effects and renal tumors that were reported in these animals and are described in more detail in

Sections 3.2.2.2 and 3.2.2.7.

Groups of five male and five female Beagle dogs were administered 1,4-DCB by capsule in dose levels of
0, 10, 50, or 75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996). The 75 mg/kg/day dose is a
time-weighted average level reflecting decreases from an initial high level of 150 mg/kg/day in response
to severe toxicity. The main early effect was mortality during the first 25 days of the study; exposure to
150 mg/kg/day caused one male dog to be sacrificed in extremis on day 12, one male death on day 25, and
one female death on day 24. With the exception of one control male that died on day 83, all remaining

dogs survived exposure to 75 mg/kg/day.

3.2.2.2 Systemic Effects

Respiratory Effects.

1,2-Dichlorobenzene. No studies were located regarding respiratory effects in humans after oral

exposure to 1,2-DCB.

No gross or histological changes were observed in the respiratory tract (nasal cavity, trachea, lungs,
and/or bronchi) of Sprague-Dawley or F344 rats that were administered 1,2-DCB in corn oil by gavage in
doses of 300 mg/kg/day for 10 consecutive days (Robinson et al. 1991), 400 mg/kg/day for

90 consecutive days (Robinson et al. 1991), <500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or
<120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985). There were no gross or histological effects in
the respiratory system of B6C3F; mice that were similarly treated with <500 mg/kg/day, 5 days/week for
13 weeks (NTP 1985), or <120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985).

1,3-Dichlorobenzene. No studies were located regarding respiratory effects in humans after oral

exposure to 1,3-DCB.
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No gross or histological changes were observed in the respiratory tract (nasal cavity and turbinates, lungs,
and lower half of trachea) in male or female Sprague-Dawley rats that were exposed to 1,3-DCB in corn
oil by gavage in doses of 735 mg/kg/day for 10 consecutive days or 588 mg/kg/day for 90 consecutive
days (McCauley et al. 1995).

1,4-Dichlorobenzene. No studies were located regarding respiratory effects in humans after oral

exposure to 1,4-DCB.

In a series of dose range-finding studies, groups of F344 rats were administered 1,4-DCB at
concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks
(NTP 1987). At sacrifice, animals were examined grossly and major tissues were examined
histologically. No compound-related effects were observed in the lungs at any dose up to 900 mg/kg/day,
while rats treated with 1,200 mg/kg/day or higher exhibited epithelial necrosis of the nasal turbinates
(NTP 1987). In parallel studies, B6C3F; mice were administered 1,4-DCB at concentrations ranging from
84.4 to 1,800 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks. No compound-related effects

were observed in the lungs at any dose level (NTP 1987).

In 2-year exposure studies in F344 rats, no respiratory effects were reported in males or females that
received 1,4-DCB by gavage in corn oil at levels up to 300 or 600 mg/kg/day, respectively (NTP 1987).
In similarly dosed B6C3F; mice, no respiratory effects were reported in either sex at doses up to

600 mg/kg/day (NTP 1987).

Cardiovascular Effects.

1,2-Dichlorobenzene. No studies were located regarding cardiovascular effects in humans after oral

exposure to 1,2-DCB.

Mutifocal mineralization of the myocardial fibers of the heart (as well as skeletal muscle) was found in
B6C3F; mice that were administered 500 mg/kg/day of 1,2-DCB in corn oil by gavage 5 days/week for
13 weeks (NTP 1985); this effect does not appear to have occurred in controls or lower dose groups
(<250 mg/kg/day). No gross or histological changes were observed in the heart of B6C3F; mice that were
similarly treated with <120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985), or in Sprague-Dawley or
F344 rats that were similarly treated with 300 mg/kg/day for 10 consecutive days (Robinson et al. 1991),
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400 mg/kg/day for 90 consecutive days (Robinson et al. 1991), <500 mg/kg/day, 5 days/week for
13 weeks (NTP 1985), or <120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985).

1,3-Dichlorobenzene. No studies were located regarding cardiovascular effects in humans after oral

exposure to 1,3-DCB.

No gross or histological changes in the aorta were observed in male or female Sprague-Dawley rats that
were exposed to 1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for 10 consecutive days or

588 mg/kg/day for 90 consecutive days (McCauley et al. 1995).

1,4-Dichlorobenzene. No studies were located regarding cardiovascular effects in humans after oral

exposure to 1,4-DCB.

In a series of dose range-finding studies, groups of F344 rats were administered 1,4-DCB at
concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks
(NTP 1987). At sacrifice, animals were examined grossly and major tissues were examined
histologically. No compound-related cardiovascular effects were observed at any dose level. In parallel
studies, B6C3F; mice were administered 1,4-DCB at concentrations ranging from 84.4 to

1,800 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks. As with the rats, no compound-related

cardiovascular effects were observed in mice at any of the doses used (NTP 1987).

In 2-year exposure studies in F344 rats, no cardiovascular effects were reported in males or females that
received 1,4-DCB by gavage in corn oil at levels up to 300 or 600 mg/kg/day, respectively (NTP 1987).
In similarly dosed B6C3F; mice, no cardiovascular effects were reported in either sex at doses up to
600 mg/kg/day (NTP 1987).

No gross or histological changes were found in the aorta or heart of Beagle dogs (5/sex/level) that were
administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor and

Stout 1996).

Gastrointestinal Effects.

1,2-Dichlorobenzene. No studies were located regarding gastrointestinal effects in humans after oral

exposure to 1,2-DCB.
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No gross or histological changes were observed in the gastrointestinal tract (esophagus, stomach, small
intestine, colon, and/or other tissues) of Sprague-Dawley or F344 rats that were administered 1,2-DCB in
corn oil by gavage in doses of 300 mg/kg/day for 10 consecutive days (Robinson et al. 1991),

<500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or <120 mg/kg/day, 5 days/week for 103 weeks
(NTP 1985). Additionally, there were no gross or histological effects in the gastrointestinal tract of
B6C3F; mice that were similarly treated with <500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or
<120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985).

1,3-Dichlorobenzene. No studies were located regarding gastrointestinal effects in humans after oral

exposure to 1,3-DCB.

No gross or histological changes were observed in the gastrointestinal tract (esophagus, stomach,
duodenum, jejunum, ileum, colon, cecum, rectum, tongue) in male or female Sprague-Dawley rats that
were exposed to 1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for 10 consecutive days, or

588 mg/kg/day for 90 consecutive days (McCauley et al. 1995).

1,4-Dichlorobenzene. No studies were located regarding gastrointestinal effects in humans after oral

exposure to 1,4-DCB.

In a series of dose range-finding studies, groups of F344 rats were administered 1,4-DCB at
concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks
(NTP 1987). At sacrifice, animals were examined grossly and major tissues were examined
histologically. Gastrointestinal effects were observed at doses of 1,200 mg/kg/day or more and consisted
of epithelial necrosis and villar bridging of the mucosa of the small intestines. No gastrointestinal effects
were noted in rats treated with 1,4-DCB at doses of 900 mg/kg/day or less (NTP 1987). In parallel
studies with B6C3F; mice, no compound-related gastrointestinal effects were observed after
administration of 1,4-DCB at concentrations ranging from 84.4 to 1,800 mg/kg/day by gavage in corn oil
5 days/week for 13 weeks (NTP 1987).

In 2-year exposure studies in Fischer 344 rats, no gastrointestinal effects were reported in males or
females that received 1,4-DCB by gavage in corn oil at levels up to 300 or 600 mg/kg/day, respectively
(NTP 1987). In similarly dosed B6C3F; mice, no gastrointestinal effects were reported in either sex at
doses up to 600 mg/kg/day (NTP 1987).
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No gross or histological changes were found in the gastrointestinal tract of Beagle dogs (5/sex/level) that
were administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor

and Stout 1996). Nine regions of the gastrointestinal tract were examined.

Hematological Effects.

1,2-Dichlorobenzene. No studies were located regarding hematological effects in humans after oral

exposure to 1,2-DCB.

No hematological changes were observed in Sprague-Dawley or F344 rats that were administered
1,2-DCB in corn oil by gavage in doses of <300 mg/kg/day for 10 consecutive days (Robinson et al.
1991), <400 mg/kg/day for 90 consecutive days (Robinson et al. 1991), or <5600 mg/kg/day, 5 days/week
for 13 weeks (NTP 1985). Additionally, there were no hematological effects in B6C3F; mice that were
similarly treated with <5600 mg/kg/day, 5 days/week for 13 weeks (NTP 1985).

1,3-Dichlorobenzene. No studies were located regarding hematological effects in humans after oral

exposure to 1,3-DCB.

No hematological changes (numbers of erythrocytes and leukocytes, hemoglobin level, hematocrit, or
mean corpuscular volume) were observed in male or female Sprague-Dawley rats that were exposed to
1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for 10 consecutive days, or 588 mg/kg/day for
90 consecutive days (McCauley et al. 1995).

1,4-Dichlorobenzene. A 21-year-old pregnant woman who had eaten 1-2 blocks of 1,4-DCB toilet air
freshener per week throughout pregnancy developed severe microcytic, hypochromic anemia with
excessive polychromasia and marginal nuclear hypersegmentation of the neutrophils. Heinz bodies were
seen in a small number of the red cells. After she discontinued this practice (at about 38 weeks of
gestation), her hemoglobin levels began to rise steadily. She gave birth to a normal infant with no
hematological problems, and her own red blood cells were again normal at the final check 6 weeks after
delivery (Campbell and Davidson 1970). Acute hemolytic anemia and were reported to have occurred in
a 3-year-old boy who had played with 1,4-DCB crystals (Hallowell 1959). It is not clear whether this
child had actually ingested any of the 1,4-DCB crystals.
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Hematological effects reported in animal studies mainly concern effects on red cells in rats and on white
cells in mice. Groups of male F344 rats (n=1/group) were administered 13-2,790 mg/kg body weight of
1,4-DCB once via corn oil gavage. Twenty-four hours after dosing, the animals were weighed and

exsanguinated. No hematological alterations were noted in any of the treated rats (Allis et al. 1992).

No adverse effects on hemoglobin levels or hematocrit were seen in adult male albino rats dosed with

1,4-DCB by gavage in corn oil at levels up to 40 mg/kg/day for 90 days (Carlson and Tardiff 1976).

In F344 rats administered 1,4-DCB by gavage in corn oil, 7 days/week for 13 weeks at doses of 75—

600 mg/kg/day, no compound-related hematological effects were noted (Bomhard et al. 1988). In a series
of experiments performed by Hollingsworth et al. (1956), male rats were administered 1,4-DCB by
gavage in olive oil at doses of 10-500 mg/kg/day, 5 days/week for 4 weeks; female rats received
1,4-DCB in like manner at doses of 18.8-376 mg/kg/day, 5 days/week for 192 days; and male and female
rabbits received 500 mg/kg/day 1,4-DCB, 5 days/week for 367 days. Administration of 1,4-DCB

produced no hematological effects at any dose.

In another 13-week study in F344 rats, male rats that received 1,4-DCB at 300 mg/kg/day and above had
decreased hematocrit levels, red blood cell counts, and hemoglobin concentrations (NTP 1987). None of
these hematologic effects were consistently seen in female rats at the same dosage level; however, a
decrease in mean corpuscular volume was noted in females at doses of 600 mg/kg/day or more. In a
parallel study in male and female B6C3F; mice dosed with 84.4-900 mg/kg/day 1,4-DCB for 13 weeks,
no hematological effects were noted in male or female mice at doses up to 900 mg/kg/day (NTP 1987);
however, in another study, B6C3F; mice dosed with 600-1,800 mg/kg/day 1,4-DCB for 13 weeks showed
hematologic effects including 34-50% reductions in the white cell counts in all male dose groups; these
decreases were accompanied by 26—-33% decreases in lymphocytes and 69-82% decreases in neutrophils.

No hematological effects were noted in female B6C3F; mice at doses up to 1,800 mg/kg/day (NTP 1987).

No hematologic effects were reported in 2-year studies in which male F344 rats received 1,4-DCB at
levels up to 300 mg/kg/day/day and female rats received levels up to 600 mg/kg/day (NTP 1987). Similar
results were reported in B6C3F; mice of both sexes exposed to 600 mg/kg/day 1,4-DCB for 2 years (NTP
1987).

Hematology was evaluated in groups of five male and five female Beagle dogs that were administered

1,4-DCB by capsule in doses of 0, 10, 50, or 75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout
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1996). Ten routine indices and one blood clotting measurement (activated partial thromboplastin time)
were evaluated at 6 and 12 months. A mild anemia, as indicated by significantly reduced red blood cell
count in females and hematocrit in males, was observed after 6 months at 75 mg/kg/day, but resolved by
the end of the study. Histological findings in the bone marrow (erythroid hyperplasia in females) and
spleen (excessive hematopoiesis and megakaryocyte proliferation in both sexes) at 75 mg/kg/day

indicated a compensatory response to the earlier anemia.

Musculoskeletal Effects.

1,2-Dichlorobenzene. No studies were located regarding musculoskeletal effects in humans after oral

exposure to 1,2-DCB.

Mutifocal mineralization of the myocardial fibers of the heart and skeletal muscle was found in

B6C3F; mice (3/10 males, 8/10 females) that were administered 500 mg/kg/day of 1,2-DCB in corn oil by
gavage 5 days/week for 13 weeks (NTP 1985); this effect does not appear to have occurred in controls or
lower dose mice (<250 mg/kg/day). No gross or histological changes were observed in muscle of
B6C3F; mice that were similarly treated with <120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985),
or in Sprague-Dawley or F344 rats that were similarly treated with 300 mg/kg/day for 10 consecutive
days (Robinson et al. 1991), <500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or <120 mg/kg/day,
5 days/week for 103 weeks (NTP 1985).

No gross or histological changes in bone were observed in any of the rat or mouse 10-day, 13-week, or
103-week studies summarized above (NTP 1985; Robinson et al. 1991).

1,3-Dichlorobenzene. No studies were located regarding musculoskeletal effects in humans after oral

exposure to 1,3-DCB.
No gross or histological changes were observed in thigh muscle or sternebrae in male or female Sprague-
Dawley rats that were exposed to 1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for

10 consecutive days or 588 mg/kg/day for 90 consecutive days (McCauley et al. 1995).

1,4-Dichlorobenzene. No studies were located regarding musculoskeletal effects in humans after oral

exposure to 1,4-DCB.
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In a series of dose range-finding studies, groups of F344 rats were administered 1,4-DCB at
concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks. At
sacrifice, animals were examined grossly and major tissues were examined histologically. No
musculoskeletal effects were noted in any of the 1,4-DCB-treated rats. In parallel studies with

B6C3F; mice, no compound-related musculoskeletal effects were observed after administration of
1,4-DCB at concentrations ranging from 84.4 to 1,800 mg/kg/day by gavage in corn oil 5 days/week for
13 weeks (NTP 1987).

In 2-year exposure studies in F344 rats, no musculoskeletal effects were reported in males or females that
received 1,4-DCB by gavage in corn oil at levels up to 300 or 600 mg/kg/day, respectively. In similarly
dosed B6C3F; mice, no musculoskeletal effects were reported in either sex at doses up to 600 mg/kg/day
(NTP 1987).

No gross or histological changes were found in skeletal muscle or bone of Beagle dogs (5/sex/level) that
were administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor
and Stout 1996).

Hepatic Effects.

1,2-Dichlorobenzene. No studies were located regarding hepatic effects in humans after oral exposure to
1,2-DCB.

The liver is a main target of toxicity in animals following oral exposure to 1,2-DCB. Necrosis and other
degenerative hepatic changes were observed in acute-duration studies in which 1,2-DCB was
administered in oil by gavage. A single 1,500 mg/kg dose (a lethal level) caused central necrosis of the
liver in rats (number and gender not reported) (DuPont 1982). Severe liver damage, characterized by
intense necrosis and fatty changes, occurred in three male rats administered 455 mg/kg/day for

15 consecutive days (Rimington and Ziegler 1963). Other hepatic effects in this study included
porphyria, manifested as increased mean peak urinary levels of coproporphyrin, uroporphyrin,
porphobilinogen (PBG), and y-aminolevulinic acid (ALA) that were approximately 10-fold higher than
levels in controls. Liver changes in other acute-duration studies included necrosis and increased serum
ALT in rats given 300 mg/kg/day for 10 consecutive days (Robinson et al. 1991). The necrosis was slight
in severity and significantly (p=0.04) increased in males at 300 mg/kg/day [4/10 compared to 0/10 in

controls; incidences in lower dose groups (37.5, 75, and 150 mg/kg/day) were not specifically reported
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and are assumed to be 0/10]. Incidences of other hepatic lesions were not significantly increased but
included inflammation (characterized by lymphocyte and macrophage infiltrates) and degeneration of
hepatocytes (characterized varying degrees of fibrillar or vacuolated cytoplasm and swelling with intact
cell membranes). No liver histopathology was observed in male or female rats that were given doses as
high as 500 or 1,000 mg/kg/day for 14 consecutive days (NTP 1985). The inconsistency between these
findings and those of Robinson et al. (1991) might be due to a small number of animals (5 rats/sex/dose
level) in the NTP (1985) study and mild response (low incidence and severity of lesions) in the Robinson
et al. (1991) study. Hepatic degeneration and necrosis were observed in mice exposed to 250 or

500 mg/kg/day for 14 consecutive days (NTP 1985), but this study is also limited by small numbers of

animals (3—4 mice/sex/group).

Liver histopathology was also the predominant finding in intermediate-duration studies of rats and mice
exposed to 1,2-DCB (Hollingsworth et al. 1958; NTP 1985; Robinson et al. 1991). The compound was
administered in oil vehicle by gavage in all of these studies. Slight to moderate cloudy swelling of the
liver was found in female rats (strain not specified) dosed with 376 mg/kg/day, 5 days/week for 138 doses
in 192 days, but not at lower dose levels of 18.8 or 188 mg/kg/day (Hollingsworth et al. 1958). The
incidence of the lesion was not reported. Liver weight was increased at >188 mg/kg/day, but it is unclear
whether this is an adaptive change or adverse effect due to the lack of histological or other evidence of

tissue damage.

Administration of 400 mg/kg/day for 90 consecutive days caused significantly increased incidences of
lesions in Sprague-Dawley rats, including centrilobular degeneration, centrilobular hypertrophy, and
single cell necrosis in 10/10, 9/10, and 7/10 males, respectively, and 8/10, 10/10, and 5/10 females,
respectively (Robinson et al. 1991). Histology was not evaluated at other dose levels (25 or

100 mg/kg/day), although no lesions occurred in controls of either sex. Absolute and relative liver
weights and serum levels of ALT were significantly increased at >100 mg/kg/day, but the increases in
ALT were not dose-related and other liver-associated enzymes (AST, LDH, AP) were not increased. The
400 mg/kg/day dose is a LOAEL for hepatic effects based on histopathology. A reliable NOAEL cannot
be identified because histology was not evaluated at lower doses, the increase in serum ALT was not
dose-related or supported by changes in other serum indicators of liver damage, and an increase in liver

weight without clear evidence of tissue damage is considered to be an adaptive response.

NTP (1985) conducted subchronic studies in F344/N rats and B6C3F; mice to determine doses to be used

in chronic bioassays. Groups of 10 males and 10 females of each species were administered 1,2-DCB in
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doses of 0, 30, 60, 125, 250, or 500 mg/kg/day, 5 days/week for 13 weeks. Histology examinations of the
liver were limited to the control and three highest dose groups. Degenerative lesions were significantly
(p<0.05) increased in both species at >250 mg/kg/day. Changes in the rats included necrosis of individual
hepatocytes at >250 mg/kg/day and centrilobular degeneration at 500 mg/kg/day; total incidences of these
lesions at 0, 125, 250, and 500 mg/kg/day were 0/10, 1/10, 4/9, and 8/10 in males, respectively, and 0/10,
3/10, 5/10, and 7/8 in females, respectively. Relative liver weight was significantly increased at

>125 mg/kg/day in both sexes, but there were no increases in serum levels of liver enzymes (ALT, AP, or
gamma-glutamyltranspeptidase [GGPT]) at any dose. Serum cholesterol was significantly increased in
males at >30 mg/kg/day (50.0, 17.6, 26.5, 70.6, and 109% higher than controls in the low to high dose
groups, not significant at 42.9 mg/kg/day) and females at >125 mg/kg/day (12.2, 12.2, 32.6, 26.5, and
51.0%). Urinary concentrations of uroporphyrin and coproporphyrin were 3-5 times higher than controls
in the 500 mg/kg/day males and females, but this increase was not considered indicative of porphyria
because total porphyrin concentration in the liver was not altered at any dose level and no pigmentation
indicative of porphyria was observed by ultraviolet light at necropsy. The 250 mg/kg/day dose is the
LOAEL for liver effects in rats based on the significant increase in the incidence of liver lesions (necrosis
of individual hepatocytes). The NOAEL for liver effects in rats is 125 mg/kg/day; although there was an
increase in relative liver weight and slight changes in serum cholesterol, there was no increase in serum
enzymes indicative of hepatotoxicity and no significant increase in liver lesions. In the mice, no
compound-related histopathological changes were observed in either sex at 0 and 125 mg/kg/day, or in
females at 250 mg/kg/day. Lesions that were significantly increased included necrosis of individual
hepatocytes, hepatocellular degeneration and/or pigment deposition in 4/10 males at 250 mg/kg/day, and
centrilobular necrosis, necrosis of individual hepatocytes, and/or hepatocellular degeneration in

9/10 males and 9/10 females at 500 mg/kg/day. Relative liver weights were significantly increased at
500 mg/kg/day in both sexes, but there were no exposure-related changes in serum levels of ALT, AP, or
GGPT in either sex at any dose (no other clinical chemistry indices were examined in the mice). The
hepatic histopathology findings indicate that the NOAEL and LOAEL for liver effects in mice are

125 and 250 mg/kg/day, respectively.

In the NTP (1985) chronic study, groups of 50 male and 50 female F344/N rats and B6C3F; mice were
administered 1,2-DCB in corn oil by gavage in doses of 0, 60, or 120 mg/kg/day, 5 days/week for

103 weeks. Histopathological examinations were performed in all animals, although liver weights and
clinical chemistry indices were not evaluated. There were no exposure-related nonneoplastic liver lesions
in either species, indicating that 125 mg/kg/day is the chronic NOAEL for liver effects in both rats and

mice.
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1,3-Dichlorobenzene. No studies were located regarding hepatic effects in humans after oral exposure to
1,3-DCB.

Liver toxicity was evaluated in groups of 10 male and 10 female Sprague-Dawley rats that were exposed

to 1,3-DCB in corn oil by daily gavage, in doses of 0, 37, 147, 368, or 735 mg/kg/day for 10 consecutive
days, or 9, 37, 147, or 588 mg/kg/day for 90 consecutive days (McCauley et al. 1995). Study end points

included serum chemistry indices (AP, AST, ALT, LDH, cholesterol), liver weight, and gross appearance
and histology of the liver. As discussed below, hepatic changes were found at >368 mg/kg/day in the

10-day study and >9 mg/kg/day in the 90-day study.

Hepatic effects in the 10-day study included significantly (p<0.05) increased relative liver weight in
males at >147 mg/kg/day and females at >368 mg/kg/day (absolute organ weight not reported), and
histopathology at >368 mg/kg/day in both sexes. The main hepatic histological change was dose-related
centrolobular hepatocellular degeneration, characterized by varying degrees of cytoplasmic vacuolization
and swelling with intact membranes. Respective incidences of this lesion at 368 and 735 mg/kg/day were
2/10 and 9/10 in males, and 6/10 and 10/10 females; incidences in the other groups were not reported, but
are presumed to be 0/10. Other hepatic alterations included hepatocellular necrosis that was sporadically
noted in the 147, 368, and 735 mg/kg/day groups. This change was usually minimal to mild, and tended
to increase in incidence and severity in the males in a dose-related manner; however, incidences were not
reported. Cholesterol was the only serum end point that had values exceeding the reference range. Serum
cholesterol was significantly increased at 368 and 735 mg/kg/day in both sexes, but this change could be

pituitary-related (see discussion of the 90-day study in Endocrine Effects).

Hepatic effects in the 90-day study included significantly increased relative liver weight (absolute weight
not reported) and histopathological changes at >147 mg/kg/day in both sexes. The liver lesions included
inflammation, hepatocellular alterations (characterized by spherical, brightly eosinophilic homogeneous
inclusions), and hepatocellular necrosis. Liver lesions that were significantly increased included
hepatocellular cytoplasmic alterations of minimal to mild severity in males at >147 mg/kg/day
(incidences in the control to high dose groups were 1/10, 2/10, 1/10, 6/10, and 7/9) and females at

588 mg/kg/day (0/10, 2/10, 0/10, 1/10, and 7/9), and necrotic hepatocyte foci of minimal severity in both
sexes at 588 mg/kg/day (1/10, 2/10, 1/10, 2/10, and 5/9 in males, and 0/10, 0/10, 0/10, 3/10, and 5/9 in
females). Other statistically significant liver-associated effects included significantly increased serum

AST levels (90-100% higher than controls) in males at >9 mg/kg/day and females at >37 mg/kg/day.
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Serum LDH levels were also reduced in males at >9 mg/kg/day, but the biological significance of a
decrease in liver enzymes is unclear. Serum cholesterol values were significantly increased in males at
>9 mg/kg/day and females at >37 mg/kg/day, but this change could be pituitary-related (see Endocrine
Effects).

1,4-Dichlorobenzene. A single case study was located regarding hepatic effects in humans after oral
exposure to 1,4-DCB. In this case report, the author describes a 3-year-old boy who had been playing
with crystals containing 1,4-DCB for 4-5 days before being admitted to the hospital. On admission, the
boy was jaundiced and his mucous membranes were pale. After a blood transfusion, the child gradually

improved. It was unclear whether the boy actually ingested any of the 1,4-DCB (Hallowell 1959).

The acute hepatotoxicity and response of hepatic cytochrome P-450 in response to dosing with 1,4-DCB
were evaluated in groups of male F344 rats (n=1/group) given one dose of 13-2,790 mg/kg body weight
by corn oil gavage. Twenty-four hours after dosing, the animals were weighed and sacrificed. Serum
was collected and analyzed for total bilirubin, cholesterol, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and alkaline phosphatase. The liver was weighed and slices examined
histopathologically. Liver microsomes were prepared and assayed for P-450, in addition to liver protein
determinations. 1,4-DCB did not produce liver necrosis at any dose. There was also no effect observed
on serum levels of ALT and AST. Hepatic cytochrome P-450 levels were increased about 30% by
1,4-DCB beginning at 380 mg/kg and remaining elevated at all higher doses. No consistent pattern of
change was found for indicators of hepatobiliary damage, serum cholesterol, serum alkaline phosphatase,
and total bilirubin (Allis et al. 1992).

The effects of 1,4-DCB were compared in male F344 rats given 0 (corn oil control), 25, 75, 150, and

300 mg/kg/day 1,4-DCB (n=6-8/group/time) by daily oral gavage 5 days/week for 1 week. Replicative
DNA synthesis was studied using subcutaneously implanted osmotic pumps containing 5-bromo-
2'-deoxyuridine (BrdU) to determine the hepatocyte labeling index. Livers were removed, weighed, and
then immunostained. Morphological examination of the liver sections from all lobes was performed from
control and 300 mg/kg group rats. 1,4-DCB treatment for 1 week did not produce morphological changes
in the rat livers. 1,4-DCB produced significant dose-related increases in relative liver weight in the rats,
which were also associated with mild centrilobular hypertrophy. At 300 mg/kg, relative liver weight was
significantly increased. Significant dose-related increases in microsomal cytochrome P-450 content were
observed in rats given 150 and 300 mg/kg 1,4-DCB for 1 week, with a significant dose-related induction

of microsomal 7-pentoxyresorufin O-depentylase activity observed in rats given 75-300 mg/kg 1,4-DCB.

**DRAFT FOR PUBLIC COMMENT***



DICHLOROBENZENES 165

3. HEALTH EFFECTS

The hepatocyte labeling index values were only increased in animals given 300 mg/kg 1,4-DCB (225% of
controls) (Lake et al. 1997).

In a series of experiments, Eldridge et al. (1992) studied the acute hepatotoxic effects of 1,4-DCB and the
role of cell proliferation in hepatotoxicity in B6C3F; mice and F344 rats. Mice and rats received a single
dose of 1,4-DCB by gavage in corn oil of 600, 900, or 1,200 mg/kg/day. At 1, 2, 4, and 8 days after
1,4-DCB treatment, selected animals were injected intraperitoneally with BrdU 2 hours prior to sacrifice
to monitor cell proliferation. Other groups of mice and rats were sacrificed 24 or 48 hours after dosing,
blood was collected for liver enzyme analysis, and liver sections were collected for histopathology. In
mice dosed with 600 mg/kg/day 1,4-DCB, liver weights were significantly increased 48 hours after
dosing. Labeling index (LI), indicative of cell proliferation, peaked 24 hours after dosing in females and
48 hours in males. Activities of serum enzymes associated with liver damage (alanine aminotransferase,
aspartate aminotransferase, lactate dehydrogenase, sorbitol dehydrogenase) were not affected by
1,4-DCB. Twenty-four and 48 hours after administration of 1,4-DCB, the livers of males showed
periportal hepatocytes with vacuolated cytoplasm and centrilobular hepatocytes with granulated
basophilic cytoplasm; the severity of these changes was dose-related at 48 hours, but not at 24 hours.
Similar but less pronounced effects were seen in females at 24 hours. In rats, liver weights were
significantly increased at all time points after administration of 600 mg/kg/day 1,4-DCB. The LI peaked
24 hours after dosing and was still elevated after 48 hours. Necrosis was not observed in the livers of

mice or rats after treatment with 1,4-DCB.

In pregnant CD rats administered 1,4-DCB in corn oil at doses of 250-1,000 mg/kg/day on Gd 6-15, no
differences in maternal liver weight were noted (Giavini et al. 1986); however, hepatic effects have been
reported in other oral studies in which 1,4-DCB has been administered to test animals by gavage
(discussed below). These effects have ranged from temporary elevation of hepatic enzymes to hepatic

degeneration and necrosis.

The effects of 1,4-DCB were compared in male B6C3F; mice given 0 (corn oil control), 300, and

600 mg/kg/day 1,4-DCB (n=6-8/group/time) by daily oral gavage 5 days/week for 1 week. Replicative
DNA synthesis was studied using subcutaneously implanted osmotic pumps containing BrdU to assess
the hepatocyte labeling index. Livers were removed, weighed, and immunostained. Morphological
examination of the liver sections was performed for control and 600 mg/kg groups. Biochemical analysis
of liver whole homogenates was performed. 1,4-DCB produced significant dose-related increases in

relative liver weight, which were associated with marked centrilobular hypertrophy. Relative liver
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weights were increased for mice in both the 300 and 600 mg/kg groups at all time points, with minimal
centrilobular hypertrophy observed in 600 mg/kg group mice. No other histological abnormalities were
observed in the liver sections. Administration of 1,4-DCB also produced a sustained induction of
microsomal cytochrome P-450 content and 7-pentoxyresorufin O-depentylase activity. Significant dose-
related induction of microsomal cytochrome P-450 content was induced in mice given 600 but not

300 mg/kg 1,4-DCB. Microsomal 7-pentoxyresorufin O-depentylase activity was significantly induced in
mouse liver microsomes at doses of 300 and 600 mg/kg 1,4-DCB. Western immunoblotting studies
demonstrated that 1,4-DCB induced CYP2B isoenzyme(s) in mouse liver microsomes at 300 and

600 mg/kg 1,4-DCB. The hepatocyte labeling index values were also significantly increased in mice
given 300 and 600 mg/kg 1,4-DCB (Lake et al. 1997).

In male B6C3F; mice, single doses of 600, 1,000, or 1,800 mg/kg/day 1,4-DCB administered by gavage
in corn oil resulted in significantly elevated BrdU labeling of hepatocytes at the 1,000 and

1,800 mg/kg/day doses. In addition, single doses of 1,800 mg/kg resulted in a 4.5-fold increase in serum
ALT activity and severe centrilobular hepatocyte swelling. In a companion time-course study, single
doses of 1,800 mg/kg 1,4-DCB administered by gavage in corn oil resulted in significantly elevated BrdU
labeling in hepatic samples on days 2, 3, and 4, but not days 1 or 7. ALT activity was significantly
elevated in 1,4-DCB-treated mice on day 2 only. In all other aspects, hepatic toxicity was not evident in
mice dosed with 1,800 mg/kg 1,4-DCB (Umemura et al. 1996).

1,4-DCB has been shown to produce disturbances in porphyrin metabolism after high-level/acute-duration
exposure. Increased excretion of porphyrins, especially coproporphyrin and uroporphyrin, are considered
to be indicators of liver damage. Administration of 1,4-DCB in liquid paraffin to male rats at gradually
increasing doses, until a dose level of 770 mg/kg/day was maintained for 5 days, resulted in high
porphyrin excretion (Rimington and Ziegler 1963). Mean peak values of urinary coproporphyrin
increased to about 10-15-fold above levels in controls. A 37-100-fold increase in urinary uroporphyrin
levels occurred; porphobilinogen levels increased 200-530-fold; and a 10-fold increase in
d-aminolevulinic acid (3-ALA) levels was observed. In the liver itself, coproporphyrin levels were
similar to controls, uroporphyrin levels were increased 46-fold, and protoporphyrin levels were increased
6-fold. These dramatic increases, which suggest severe damage to the liver, were not observed when
1,4-DCB was administered to rats at higher levels (850 mg/kg/day) in 1% cellofas (Rimington and
Ziegler 1963) or at lower levels for a longer period of time in another study (Carlson 1977), as discussed
below. Also, Trieff et al. (1991) have used animal data on porphyrogenicity from various chlorinated

benzenes to perform a QSAR study allowing prediction of ambient water criteria.
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Changes in other markers of liver function including cytochrome P-450 levels, and activities of some
drug-metabolizing enzymes (aminopyrine N-demethylase and aniline hydroxylase) were investigated in
rats treated with of 1,4-DCB by gavage at 250 mg/kg/day for up to 3 days (Ariyoshi et al. 1975). Activity
of 3-ALA synthetase, an enzyme used in synthesis of the heme moiety found in cytochromes, was
increased 42% by treatment with 1,4-DCB. However, the cytochrome P-450 content did not change,
although the microsomal protein content of liver preparations was increased. The toxicological
significance of these findings is not clear since 5-ALA synthetase activity did not correlate with

cytochrome P-450 concentration.

Effects on hepatic enzyme activities were reported to have occurred in adult male rats that were given
1,4-DCB by gavage for 14 days (Carlson and Tardiff 1976). Significant decreases in hexobarbital
sleeping time and a 6.5-fold increase in serum isocitrate dehydrogenase activity were observed after a
14-day treatment regimen at 650 mg/kg/day. In addition, even at considerably lower levels (20 or

40 mg/kg/day), increases were observed in the activities of hepatic microsomal xenobiotic metabolic
systems including levels of glucuronyl transferase, and benzpyrene hydroxylase and O-ethyl-O-nitro-
phenyl phenylphosphorothionate (EPN) detoxification to nitrophenol. In a 90-day study at the same
dosage levels, significant increases were seen in EPN detoxification, benzpyrene hydroxylase, and
azoreductase levels. The former two levels were still elevated at 30 days after the cessation of
administration of the compound. Most increases were noted at 20 mg/kg/day and above as in the 14-day
studies; however, azoreductase levels were elevated even at 10 mg/kg/day (Carlson and Tardiff 1976).
These observations are important because they demonstrate that hepatic effects occur at levels of

1,4-DCB that are far below those associated with severe histopathology.

The effects of 1,4-DCB were compared in male F344 rats given 0 (corn oil control), 25, 75, 150, and

300 mg/kg/day 1,4-DCB (n=6-8/group/time) by daily oral gavage 5 days/week for 4 and 13 weeks.
Replicative DNA synthesis was studied using subcutaneously implanted osmotic pumps containing BrdU
during study weeks 3—4 and 12-13. Livers were removed, weighed, and then immunostained.
Morphological examination of the liver sections was performed from control and 300 mg/kg group rats in
the 13-week exposure group. 1,4-DCB treatment produced a mild centrilobular hypertrophy seen in rats
given 300 mg/kg 1,4-DCB for 13 weeks. No other histological abnormalities were observed in the liver
sections. 1,4-DCB produced significant dose-related increases in relative liver weight in the rats, which
were associated with mild centrilobular hypertrophy. At 300 mg/kg, relative liver weight was

significantly increased. Significant increases in relative liver weight were observed in rats given 75 and

**DRAFT FOR PUBLIC COMMENT***



DICHLOROBENZENES 168

3. HEALTH EFFECTS

150 mg/kg 1,4-DCB for 4 weeks and 150 mg/kg 1,4-DCB for 13 weeks. Administration of 1,4-DCB also
produced a sustained induction of microsomal cytochrome P-450 content and 7-pentoxyresorufin
O-depentylase activity. Significant dose-related increases in microsomal cytochrome P-450 content were
observed in rats given 25-300 mg/kg 1,4-DCB for 4 weeks and 75-300 mg/kg 1,4-DCB for 13 weeks. A
significant dose-related induction of microsomal 7-pentoxyresorufin O-depentylase activity was observed
in rats given 75-300 mg/kg 1,4-DCB for 4 weeks and 25-300 mg/kg 1,4-DCB for 13 weeks. Western
immunoblotting studies demonstrated that 1,4-DCB induced CYP2B isoenzyme(s) in rat liver
microsomes at 75 and 300 mg/kg 1,4-DCB (Lake et al. 1997).

Histopathological effects in the liver, including cloudy swelling and centrilobular necrosis, were observed
after gavage administration of 1,4-DCB in rats (two per group) at 500 mg/kg/day for 4 weeks; similar
results (cloudy swelling, focal caseous necrosis) were obtained in rabbits (five per group) given 92 doses
of 1,000 mg/kg/day 1,4-DCB in olive oil over a 219-day period (Hollingsworth et al. 1956). The
interpretation of this study is limited by the size of the test groups and the fact that observations in
controls were not presented. Histopathological changes were also reported in a 13-week study in which
rats received 1,4-DCB by gavage (NTP 1987). Doses of 1,200 or 1,500 mg/kg/day produced
degeneration and necrosis of hepatocytes. Serum cholesterol levels were increased by doses of

600 mg/kg/day or more in male rats and by >900 mg/kg/day in female rats, while serum triglycerides and
protein levels were reduced at doses of >300 mg/kg/day in male rats. Urinary porphyrins were increased
in both sexes at >1,200 mg/kg/day. However, these increases were modest and considered by the authors
to indicate mild porphyrinuria rather than hepatic porphyria. Liver porphyrins were not increased at any
dose. Inasecond 13-week study in the same laboratory, hepatic effects were not observed in rats at
dosage levels up to 600 mg/kg/day (NTP 1987).

Similar hepatic effects were reported in two 13-week gavage studies in mice (NTP 1987). Hepatocellular
degeneration was observed in both sexes at all doses (600-1,800 mg/kg/day). Serum cholesterol levels
were increased in male mice at doses of 900 mg/kg/day or more, and serum protein and triglycerides were
increased at doses of 1,500 mg/kg/day or more. These changes were thought by the authors to reflect the
hepatic effects of this compound. Hepatic porphyria was not found in mice at any dose level in this study.
Because hepatic effects were seen in mice in all dose groups in the first 13-week study, a second 13-week
study was conducted at lower dosage levels. Hepatocellular cytomegaly was observed in mice at doses of
675 mg/kg/day and above. The lowest level at which hepatic effects were observed in mice was

600 mg/kg/day (in the first study).
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Other intermediate-duration oral studies with 1,4-DCB have reported liver toxicity. In female rats dosed
with 1,4-DCB by gavage for about 6 months, doses of 188 mg/kg/day and above resulted in increased
liver weights. At 376 mg/kg/day, slight cirrhosis and focal necrosis of the liver were also observed

(Hollingsworth et al. 1956). No effects on the liver were seen at a dose of 18.8 mg/kg/day.

The ability of 1,4-DCB to induce porphyria was investigated in female rats that were administered
1,4-DCB by gavage for up to 120 days (Carlson 1977). Slight but statistically significant increases in
liver porphyrins were seen in all dosed rats (50—200 mg/kg/day) at 120 days. Urinary excretion of
3-ALA, porphobilinogen, or porphyrins was not increased over control levels. These results indicated
that 1,4-DCB had only a slight potential for causing porphyria at these doses in female rats compared with
the far more pronounced porphyrinogenic effects reported earlier in male rats that received

770 mg/kg/day for 5 days in a study by Rimington and Ziegler (1963). However, sex-related differences
in susceptibility to 1,4-DCB's effects on these parameters cannot be ruled out in a comparison of these

two studies.

The role of cell proliferation in liver toxicity induced by 1,4-DCB was examined in groups of mice (5-

7 per sex per dose level) administered 0 (vehicle only), 300, or 600 mg/kg 1,4-DCB in corn oil by gavage
5 days/week for 13 weeks (Eldridge et al. 1992). The liver toxicity induced by 1,4-DCB was also
examined in groups of female rats (5-7 per dose level) administered 0 (vehicle only) or 600 mg/kg
1,4-DCB in corn oil by gavage 5 days/week for 13 weeks. At various times during the study, mice were
implanted with osmotic pumps to deliver BrdU. Liver weights were significantly increased in high-dose
male and female mice and in female rats throughout the 13-week study. Treated male mice showed a
centrilobular pattern of labeled hepatocytes, whereas females were labeled throughout the lobules. At the
lower-dose level, liver weight was increased in male and female mice at weeks 6 and 13. In a group of
mice in which treatment with 600 mg/kg/day ceased after 5 weeks and the animals were allowed to
recover for 1 week, liver weight returned to control values. The authors concluded that 1,4-DCB induced
a mitogenic stimulation of cell proliferation in the liver rather than a regenerative response following
cytotoxicity. This was evidenced by an increase in liver weight without increase in liver-associated

plasma enzymes (Eldridge et al. 1992).

The effects of 1,4-DCB were determined in male B6C3F; mice given 0 (corn oil control), 300, and
600 mg/kg/day 1,4-DCB (n=6-8/group/time) by daily oral gavage 5 days/week for 4 and 13 weeks.
Replicative DNA synthesis was studied using subcutaneously implanted osmotic pumps containing BrdU

during study weeks 3—-4 and 12-13. Livers were removed, weighed, and immunostained. Morphological
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examination of the livers was performed for control and 600 mg/kg group mice at 13 weeks. Biochemical
analysis of liver whole homogenates was also performed. 1,4-DCB produced significant dose-related
increases in relative liver weight in the mice, which were associated with marked centrilobular
hypertrophy. Relative liver weights were increased for mice in both the 300 and 600 mg/kg groups at all
time points. At 13 weeks, a marked centrilobular hypertrophy was observed in the 600 mg/kg group. No
other histological abnormalities were observed in the liver. Administration of 1,4-DCB also produced a
sustained induction of microsomal cytochrome P-450 content and 7-pentoxyresorufin O-depentylase
activity. Significant dose-related induction of microsomal cytochrome P-450 content was induced in
mice given 600 but not 300 mg/kg 1,4-DCB for treatments of 4 and 13 weeks. Microsomal
7-pentoxyresorufin O-depentylase activity was significantly induced in mouse liver microsomes at doses
of 300 and 600 mg/kg 1,4-DCB. Western immunoblotting studies demonstrated that 1,4-DCB induced
CYP2B isoenzyme(s) in mouse liver microsomes at 300 and 600 mg/kg 1,4-DCB. Hepatocyte labeling
index values were significantly increased in mice given 300 and 600 mg/kg 1,4-DCB for 4 weeks

(420 and 395% of controls, respectively) (Lake et al. 1997).

A 1-year study in dogs indicates that this species is more sensitive than rats or mice to hepatic effects of
intermediate-duration oral exposure to 1,4-DCB. Groups of five male and five female Beagle dogs were
administered 1,4-DCB by capsule in dose levels of 0, 10, 50, or 75 mg/kg/day, 5 days/week for 1 year
(Naylor and Stout 1996). Liver effects occurred at >50 mg/kg/day in both sexes as shown by changes in
liver enzymes, increased liver weight, and histopathology. Serum levels of ALT, AST, GGT, and AP
were measured after 6 and 12 months. Statistically significant increases were found for AP in males at
50 mg/kg/day, and females at 50 and 75 mg/kg/day, at months 6 and 12; ALT in females at 75 mg/kg/day
and month 12; and GGT in females at 75 mg/kg/day and months 6 and 12. Serum albumin was
significantly decreased in males at >50 mg/kg/day (months 6 and 12) and females at 75 mg/kg/day
(month 6). Absolute and relative liver weights were significantly increased in both sexes at 50 and

75 mg/kg/day (except absolute liver weight in 50 mg/kg/day males). Hepatic lesions included
hepatocellular hypertrophy in all males and females at 50 and 75 mg/kg/day (as well as one female at

10 mg/kg/day), hepatocellular pigment deposition at 50 and 75 mg/kg/day (two males and one female at
each level), bile duct/ductule hyperplasia at 75 mg/kg/day (one male and one female), and hepatic portal
inflammation at 50 and 75 mg/kg/day (periportal accumulation of neutrophils in an unspecified number of

males).

Studies of the hepatic effects of chronic 1,4-DCB exposure are sparse. The toxicity of 1,4-DCB was

evaluated in a group of seven rabbits administered 1,4-DCB in olive oil at a dose of 500 mg/kg/day a total
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of 263 times over a 367-day period. Slight changes in the liver (cloudy swelling and a few areas of focal

caseous necrosis) were noted at sacrifice (Hollingsworth et al. 1956).

In the only study of lifetime oral exposure to 1,4-DCB in laboratory animals, groups of male and female
F344 rats were administered 1,4-DCB by gavage in corn oil 5 days/week for 103 weeks at doses of 150 or
300 mg/kg/day (males) or 300 or 600 mg/kg/day (females). Groups of male and female B6C3F; mice
were administered 1,4-DCB at doses of 300 or 600 mg/kg/day by gavage in corn oil, 5 days/week for

103 weeks. No hepatic effects were seen in rats; in mice, the incidence of hepatocellular degeneration
was greatly increased in treated mice (in males: 0/50 control, 36/49 low-dose, 39/50 high-dose; in females
0/50 control, 8/48 low-dose, 36/50 high-dose). The primary degenerative change was cellular swelling
with clearing or vacuolation of the cytoplasm. Individual hepatocytes had pyknotic or karyorrhectic
nuclei and condensed eosinic cytoplasm. Some necrotic hepatocytes formed globular eosinophilic masses
in the sinusoids (NTP 1987).

Renal Effects.

1,2-Dichlorobenzene. No studies were located regarding renal effects in humans after oral exposure to
1,2-DCB.

A single 1,500 mg/kg gavage dose of 1,2-DCB in peanut oil (a lethal level) caused accumulation of
albuminous fluid and casts in the renal tubules of rats (number and gender not reported) (DuPont 1982).
Sprague-Dawley rats (10/sex/level) that were administered 1,2-DCB in corn oil by gavage in doses of
300 mg/kg/day for 10 consecutive days or 400 mg/kg/day for 90 consecutive days (Robinson et al. 1991).
In subchronic studies performed by NTP (1985), F344 rats and B6C3F; mice (10/sex/level/species) were
administered 1,2-DCB in doses of 0, 30, 60, 125, 250, or 500 mg/kg/day in corn oil by gavage

5 days/week for 13 weeks. Histology examinations of the kidneys were limited to the 0 and

>125 mg/kg/day dose groups in the rats and 0 and 500 mg/kg/day groups in the mice. Renal effects
occurred only in the 500 mg/kg/day male rats; these included tubular degeneration (6/10 incidence
compared to 0/10 in lower dose and control groups) and increased urine volume (57% higher than
controls). There were no exposure-related increases in BUN in either species. In chronic studies
performed by NTP (1985), there were no nonneoplastic tissue changes in the kidneys of male or female
F344 rats (50/sex/level) exposed to 0, 60, or 120 mg/kg/day in corn oil by gavage for 5 days/week for
103weeks. In similarly-exposed B6C3F; mice (50/sex/level) exposure to 120 mg/kg/day, but not to

60 mg/kg/day, resulted in a significantly increased incidence of renal tubular regeneration (controls: 8/48;
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low dose: 12/50; high dose: 17/49) relative to controls. Renal end points other than histology were not

assessed in the chronic studies.

1,3-Dichlorobenzene. No studies were located regarding renal effects in humans after oral exposure to
1,3-DCB.

No gross or histological changes were observed in the kidneys or urinary bladder in male or female
Sprague-Dawley rats that were exposed to 1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for
10 consecutive days or 588 mg/kg/day for 90 consecutive days (McCauley et al. 1995). Blood urea
nitrogen (BUN) and kidney weight was measured in both studies, although only relative organ weights
were reported. There was a statistically significant increase in relative kidney weight at >147 mg/kg/day
in males and 735 mg/kg/day in females in the 90-day study, but this is not considered to be an adverse

effect due to decreases in body weight gain and lack of changes in BUN and renal histology.

1,4-Dichlorobenzene. No studies were located regarding renal effects in humans after oral exposure to
1,4-DCB.

The role of cell proliferation in kidney toxicity induced by 1,4-DCB was examined in groups of male and
female B6C3F; mice and F344 rats (Umemura et al. 1992). Mice were administered 300 or 600 mg/kg
1,4-DCB; in rats, males received 150 or 300 mg/kg 1,4-DCB while females received 300 or 600 mg/kg
1,4-DCB. All doses were administered by gavage in corn oil for 4 consecutive days. Cell proliferation
was evaluated by means of immunohistochemical measurement of BrdU-labeled cells. In mice, kidney
weights and cell proliferation in the kidney tubules were not altered by 1,4-DCB treatment; in rats, kidney
weight was significantly increased in male rats at both dose levels, but was not affected in females. Cell
proliferation was greatly increased in the proximal convoluted tubule from high-dose males. A lesser
increase was seen in the proximal straight tubule from high-dose males; no increase was observed in the

distal tubule from males or in any kidney region from treated female rats.

The effects of 1,4-DCB were compared in male F344 rats given 0 (corn oil control), 25, 75, 150, and
300 mg/kg/day 1,4-DCB (n=6-8/group/time) and male B6C3F; mice given 0 (corn oil control), 300, and
600 mg/kg/day 1,4-DCB (n=6-8/group/time) by daily oral gavage 5 days/week for 1 week. Replicative
DNA synthesis was studied using subcutaneously implanted osmotic pumps containing 5-bromo-
2'-deoxyuridine during study weeks 0-1, 3-4, and 12-13. After sacrifice, the kidneys were removed,

weighed, and immunostained. In rats, significant increases in relative kidney weight were observed in
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those rats administered 150 and 300 mg/kg 1,4-DCB for 4 and 13 weeks. 1,4-DCB treatment produced
significant increases in rat renal P1/P2 proximal tubule cell labeling index values at all time points.
Significant increases were seen in the following groups: 75 mg/kg 1,4-DCB at 4 weeks (250% of
controls); 150 mg/kg 1,4-DCB at 4 and 13 weeks (400 and 440% of controls, respectively); and

300 mg/kg 1,4-DCB at 1, 4, and 13 weeks (170, 475, and 775% of controls, respectively). A significant
increase in rat P3 renal proximal tubule cell labeling index values was observed in 300 mg/kg 1,4-DCB
group rats at weeks 4 (185% of controls) and 13 (485% of controls). In contrast, some reduction in rat
P3 renal proximal tubule cell labeling index values was observed in 75-300 mg/kg 1,4-DCB group rats at
1 week. In contrast, 1,4-DCB treatment produced little effect on mouse renal P1/P2 proximal tubule cell
labeling index values at all time points tested. No significant increase was seen in 300 or 600 mg/kg
1,4-DCB groups for 1 and 13 weeks, but significant increases were seen at 4 weeks (205 and 170% of
controls, respectively). Neither 300 nor 600 mg/kg 1,4-DCB for 1, 4, or 13 weeks had much effect on

mouse P3 renal proximal tubule cell labeling index values (Lake et al. 1997).

In a study that examined the role of the protein a,,-globulin in 1,4-DCB-induced nephrotoxicity in male
rats, NCI-Black-Reiter (NBR) rats, known not to synthesize the hepatic form of the a,,-globulin, were
administered 500 mg/kg/day 1,4-DCB by gavage in corn oil for 4 consecutive days. Positive controls
consisted of F344 male rats treated with lindane; the results were also compared with those obtained in a
group of female F344 rats treated with lindane. End points examined consisted of kidney lesions and
protein droplet evaluation. o,,-Globulin was detected in kidney sections from male F344 rats, but not in
male NBR or female F344 rats. No lesions or hyaline droplets were detected in treated or control male
NBR and female F344 rats (Dietrich and Swenberg 1991).

Renal tubular degeneration has been observed in male but not female F344 rats in two 13-week gavage
studies (NTP 1987). These effects were severe in male rats receiving >300 mg/kg/day in the first study,
but in the second study, only slight changes were seen at 300 mg/kg/day, while moderate tubular
degeneration was present at 600 mg/kg/day. Renal effects reported in another intermediate-duration
gavage study in rats included increased renal weights at doses of >188 mg/kg/day (Hollingsworth et al.
1956). Renal effects were not observed in mice in either of two 13-week gavage studies using dosage
regimens of 600-1,800 and 84.4-900 mg/kg/day (NTP 1987).

In a study designed to investigate the mechanism of renal toxicity for 1,4-DCB reported in the NTP

(1987) studies, 1,4-DCB administered by gavage to male F344 rats at 7 daily doses of 120 or

300 mg/kg/day significantly increased the level of protein droplet formation in the kidneys of males but
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not females (Charbonneau et al. 1987). Administration of a single dose of *C-1,4-DCB by gavage at
500 mg/kg gave similar results. An analysis of the renal tissue of animals administered radio-labeled
1,4-DCB indicated that it was reversibly associated with the protein ay,-globulin. In a study designed to
correspond to the experimental conditions of the 13-week NTP (1987) study in rats, 1,4-DCB was
administered to F344 rats by gavage at 75-600 mg/kg/day for 13 weeks; interim sacrifices were
performed at 4 weeks (Bomhard et al. 1988). At 4 weeks, females had no structural damage to the
kidneys, while males experienced damage at the corticomedullary junction at doses of 150 mg/kg or
more; damage consisted of dilated tubules with granular and crystalline structures, hyaline droplets, and
desquamated epithelia. At all dose levels in the males, hyaline bodies were seen in the proximal tubule
epithelial cells. At 13 weeks, males exhibited an increase urinary excretion of lactate dehydrogenase
(LDH) and of epithelial cells over the entire dose range tested. These changes did not always appear to be
dose-related. No signs of structural damage were seen in the females' kidneys. In males, a dose-
dependent incidence of hyaline droplets in the cortical tubular epithelium was seen at 75 mg/kg/day and
above. At >150 mg/kg/day, single-cell necrosis was observed, and at 300 and 600 mg/kg/day, epithelial

desquamation of longer parts of the tubules were occasionally seen.

In the only available study of chronic-duration oral exposure to 1,4-DCB, renal effects were observed to
occur preferentially in male rats. Male F344 rats exposed to 1,4-DCB at 150 and 300 mg/kg/day by
gavage for 2 years exhibited the following effects with greater severity and in greater numbers:
nephropathy, epithelial hyperplasia of the renal pelvis, mineralization of the collecting tubules in the renal
medulla, and focal hyperplasia of renal tubular epithelium (NTP 1987). There was also increased
incidence of nephropathy in female rats dosed with 1,4-DCB at 300 and 600 mg/kg/day, but there was
minimal hyperplasia of the renal pelvis or tubules. Administration of 1,4-DCB at 300 and 600 mg/kg/day
for 2 years also increased the incidence of nephropathy in male B6C3F; mice. Renal tubular degeneration
was noted in female mice, but these changes occurred at a lower frequency and were qualitatively
different from those in male rats (NTP 1987).

In a study with dogs, groups of five male and five female Beagles were administered 1,4-DCB by capsule
in dose levels of 0, 10, 50, or 75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996).
Histopathological changes were observed in the kidneys that included collecting duct epithelial
vacuolation in one male at 75 mg/kg/day, and in females at all dose levels (one at 10 mg/kg/day, one at
50 mg/kg/day, and two at 75 mg/kg/day). This renal lesion was considered to be a possible effect of

treatment at >50 mg/kg/day where it was accompanied by increased relative kidney weight (50 mg/kg/day
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females) and gross observed renal discoloration (two females at 75 mg/kg/day). No gross or histological

changes were found in the urinary bladder.

Endocrine Effects.

1,2-Dichlorobenzene. No studies were located regarding endocrine effects in humans after oral exposure
to 1,2-DCB.

No gross or histological changes were observed in the adrenal or pancreas of Sprague-Dawley rats that
were administered 1,2-DCB in corn oil by gavage in a dose of 300 mg/kg/day for 10 consecutive days, or
in the adrenal (pancreas not examined) in rats similarly exposed to 400 mg/kg/day for 90 consecutive
days (Robinson et al. 1991). No gross or histological changes were observed in the adrenal, pancreas,
thyroid, parathyroid, or pituitary of F344 rats or B6C3F; mice that were treated with 1,2-DCB in corn oil
by gavage in doses <5600 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or <120 mg/kg/day,

5 days/week for 103 weeks (NTP 1985).

1,3-Dichlorobenzene. No studies were located regarding endocrine effects in humans after oral exposure
to 1,3-DCB.

Gross and histological examinations of adrenals, pancreas, pituitary, thyroid, parathyroids, and gonads
were performed in groups of 10 male and 10 female Sprague-Dawley rats that were exposed to 1,3-DCB
in oil by daily gavage, in doses of 0 or 735 mg/kg/day for 10 consecutive days or 588 mg/kg/day for

90 consecutive days (McCauley et al. 1995). The 90-day study additionally included examinations of
thyroid and pituitary at lower dose levels of 9, 37, and 147 mg/kg/day. No compound-related endocrine
effects were observed in the 10-day study. As discussed below, the 90-day study found histological
effects in the thyroid at >9 mg/kg/day and the pituitary at >147 mg/kg/day. The only other tissue with
histological changes in the 90-day study was the liver (see Hepatic Effects).

Inflammatory and degenerative lesions in the McCauley et al. (1995) 90-day study were graded on a
relative scale from one to four depending on severity (minimal, mild, moderate, or marked). In the
thyroid, colloidal density in the follicular cells was significantly (p<0.05) increased in male rats at

>9 mg/kg/day and female rats at >37 mg/kg/day. The incidences of this lesion in the 0, 9, 37, 147, and
588 mg/kg/day dose groups were 2/10, 8/10, 10/10, 8/9, and 8/8 in males and 1/10, 5/10, 8/10, 8/10, and

8/9 in females. Depletion of colloid density in the thyroid was characterized by decreased follicular size
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with scant colloid and follicles lined by cells that were cuboidal to columnar. The severity of the colloid
density depletion generally ranged from mild to moderate, increased with dose level, and was greater in
males than females. For example, in the 147 and 588 mg/kg/day groups, severity was classified as
moderate in males and mild for the females. Incidences of male rats with thyroid colloidal density
depletion of moderate or marked severity were significantly increased at >147 mg/kg/day (0/10, 0/10,
2/10, 5/9, and 6/8). The pituitary effect was cytoplasmic vacuolization in the pars distalis and only found
in the male rats. Incidences of this lesion were significantly (p<0.05) increased in males at

>147 mg/kg/day (2/10, 6/10, 6/10, 10/10, and 7/7); incidences in the 9 and 37 mg/kg/day groups were
marginally increased (p=0.085). The vacuoles were variably sized, irregularly shaped, and often poorly
defined, and severity (number of cells containing vacuoles) ranged from minimal to mild. The severity of
the lesions generally increased with increasing dose level, and incidences of male rats with pituitary
cytoplasmic vacuolization of moderate or marked severity were significantly increased at 588 mg/kg/day
(1/10, 0/10, 2/10, 3/9, and 7/7). The pituitary lesion was reported to be similar to “castration cells” found
in gonadectomized rats, and considered to be an indicator of gonadal deficiency. No compound-related
pituitary lesions were observed in female rats. Other effects in the 90-day study included significant
increases in serum cholesterol in males at >9 mg/kg/day and females at >37 mg/kg/day, and serum
calcium in both sexes at >37 mg/kg/day. The study authors suggested that these serum chemistry changes
might reflect a disruption of hormonal feedback mechanisms, or target organ effects on the pituitary,

hypothalamus, and/or other endocrine organs.

1,4-Dichlorobenzene. No studies were located regarding endocrine effects in humans after oral exposure
to 1,4-DCB.

In a series of dose range-finding studies, groups of F344 rats were administered 1,4-DCB at
concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks. At
sacrifice, animals were examined grossly and major tissues were examined histologically. No endocrine
organs were affected in any of the 1,4-DCB-treated rats. In parallel studies with B6C3F; mice, no
compound-related endocrine effects were observed after administration of 1,4-DCB at concentrations

ranging from 84.4 to 1,800 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks (NTP 1987).

In the only study of lifetime oral exposure to 1,4-DCB in laboratory animals (NTP 1987), groups of male
and female F344 rats were administered 1,4-DCB by gavage in corn oil, 5 days/week for 103 weeks at
doses of 150 or 300 mg/kg/day (males) or 300 or 600 mg/kg/day (females). Groups of male and female
B6C3F; mice were administered 1,4-DCB at doses of 300 or 600 mg/kg/day by gavage in corn oil,
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5 days/week for 103 weeks. In the F344 rats, an increased incidence of parathyroid hyperplasia was
observed in males (4/42 controls, 13/42 low-dose, 20/38 high-dose), while no effect was seen in females.
In mice, the incidence of thyroid follicular cell hyperplasia increased with dose in males (1/47 control,
4/48 low-dose, 10/47 high-dose), but not in females. The incidence of adrenal medullary hyperplasia and
focal hyperplasia of the adrenal gland capsule also increased with dose in males (controls, 11/47; low-
dose, 21/48; high-dose, 28/49).

No gross or histological changes were found in the adrenal, thyroid, parathyroid, pancreas, or pituitary
glands of Beagle dogs (5/sex/level) that were administered 1,4-DCB by capsule in doses as high as

75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996).

Dermal Effects.

1,2-Dichlorobenzene. No studies were located regarding dermal effects in humans after oral exposure to
1,2-DCB.

No gross or histological changes were observed in the skin of Sprague-Dawley or F344 rats that were
administered 1,2-DCB in corn oil by gavage in doses of 300 mg/kg/day for 10 consecutive days
(Robinson et al. 1991), <500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or <120 mg/kg/day,

5 days/week for 103 weeks (NTP 1985). Additionally, there were no gross or histological effects in the
skin of B6C3F; mice that were similarly treated with <500 mg/kg/day, 5 days/week for 13 weeks (NTP
1985) or <120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985).

1,3-Dichlorobenzene. No studies were located regarding dermal effects in humans after oral exposure to
1,3-DCB.

No gross or histological changes were observed in the skin in male or female Sprague-Dawley rats that
were exposed to 1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for 10 consecutive days or

588 mg/kg/day for 90 consecutive days (McCauley et al. 1995).

1,4-Dichlorobenzene. A 19-year-old black woman who had been eating 4-5 moth pellets made of
1,4-DCB daily for 2.5 years developed symmetrical, well demarcated areas of increased pigmentation in a
bizarre configuration over various parts of her body. After she discontinued this practice, the skin

discolorations gradually disappeared over the next 4 months (Frank and Cohen 1961).
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In laboratory animals, groups of F344 rats were administered 1,4-DCB at concentrations ranging from
37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks. No dermal effects were noted
in any of the 1,4-DCB-treated rats. In parallel studies with B6C3F; mice, no compound-related dermal
effects were observed after administration of 1,4-DCB at concentrations ranging from 84.4 to

1,800 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks (NTP 1987).

In the only study of lifetime oral exposure to 1,4-DCB in laboratory animals (NTP 1987), groups of male
and female F344 rats were administered 1,4-DCB by gavage in corn oil, 5 days/week for 103 weeks at
doses of 150 or 300 mg/kg/day (males) or 300 or 600 mg/kg/day (females). Groups of male and female
B6C3F; mice were administered 1,4-DCB at doses of 300 or 600 mg/kg/day by gavage in corn oil,

5 days/week for 103 weeks. No dermal effects have been reported in rats or mice at any of the studied

doses.

No gross or histological changes were found in the skin of Beagle dogs (5/sex/level) that were
administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor and
Stout 1996).

Ocular Effects.

1,2-Dichlorobenzene. No studies were located regarding ocular effects in humans after oral exposure to
1,2-DCB. Opthalmoscopic examinations showed no effects in Sprague-Dawley rats that were dosed with
400 mg/kg/day of 1,2-DCB in corn oil by gavage for 90 consecutive days (Robinson et al. 1991). No
gross or histological changes were observed in eyes of F344 rats or B6C3F; mice that were similarly
exposed to <500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985) or <120 mg/kg/day, 5 days/week for
103 weeks (NTP 1985).

1,3-Dichlorobenzene. No studies were located regarding ocular effects in humans or animals after oral

exposure to 1,3-DCB.

1,4-Dichlorobenzene. No studies were located regarding the ocular effects in humans after oral exposure
to 1,4-DCB.
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In a series of intermediate-duration studies, groups of F344 rats were administered 1,4-DCB at
concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks.
Ocular discharge was noted prior to death in males dosed with 1,200 mg/kg and in all rats exposed to
1,500 mg/kg. In parallel studies with B6C3F; mice, no compound-related ocular effects were observed
after administration of 1,4-DCB at concentrations ranging from 84.4 to 1,800 mg/kg/day by gavage in
corn oil 5 days/week for 13 weeks (NTP 1987).

The ocular effects of oral administration of 1,4-DCB were examined in groups of white (strain not
reported) female rats and male and female rabbits. Rats received 1,4-DCB in olive oil at doses of 18.8—
376 mg/kg/day, 5 days/week for 192 days; rabbits received 1,4-DCB in olive oil at a dose of

1,000 mg/kg/day for 219 days. Under the study conditions, administration of 1,4-DCB did not produce

cataracts in either species (Hollingsworth et al. 1956).

In chronic-duration toxicity studies in laboratory animals, Hollingsworth et al. (1956) found no evidence
of cataract formation in rabbits administered a total of 263 doses of 500 mg/kg/day 1,4-DCB in olive oil
over a 367-day period.

In two lifetime oral exposure studies (NTP 1987), groups of male and female F344 rats were administered
1,4-DCB by gavage in corn oil, 5 days/week for 103 weeks at doses of 150 or 300 mg/kg/day (males) or
300 or 600 mg/kg/day (females); groups of male and female B6C3F; mice were administered 1,4-DCB at
doses of 300 or 600 mg/kg/day by gavage in corn oil, 5 days/week for 103 weeks. In both species, no

ocular effects were noted at any of the studied doses.
Opthalmoscopic examination showed no ocular effects in Beagle dogs (5/sex/level) that were
administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor and

Stout 1996).

Body Weight Effects.

1,2-Dichlorobenzene. No studies were located regarding body weight effects in humans after oral

exposure to 1,2-DCB.

Gavage exposure to 1,2-DCB in oil has adversely affected body weight gain in rodent at doses that also

caused other signs of toxicity. Decreases in body weight gain in the range of 10-20% were observed in
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rats exposed to 300 mg/kg/day for 10 consecutive days (Robinson et al. 1991), 400 mg/kg/day for

90 consecutive days (Robinson et al. 1991), 1,000 mg/kg/day for 14 consecutive days (NTP 1985), and
500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), as well as in mice exposed to 500 mg/kg/day,
5 days/week for 13 weeks (NTP 1985).

1,3-Dichlorobenzene. No studies were located regarding body weight effects in humans after oral

exposure to 1,3-DCB.

Body weight was measured in groups of 10 male and 10 female Sprague-Dawley rats that were exposed
to 1,3-DCB in corn oil by daily gavage, in doses of 0, 37, 147, 368, or 735 mg/kg/day for 10 consecutive
days, or 9, 37, 147, or 588 mg/kg/day for 90 consecutive days (McCauley et al. 1995). Decreases in body
weight gain occurred in both sexes at the high dose in both studies. In the 10-day study, final body
weights at 735 mg/kg/day were 20 and 13% lower than controls in males and females, respectively. The
weight loss was progressive throughout the exposure period and, in males, accompanied by significantly
reduced food consumption (12%, normalized by body weight). In the 90-day study, final body weights at
588 mg/kg/day were 24 and 10% lower than controls in males and females, respectively. The weight loss
was progressive throughout the exposure period, and occurred despite increased food and water

consumption.

1,4-Dichlorobenzene. No studies were located regarding body weight effects in humans after oral

exposure to 1,4-DCB.

The effects of acute exposure to 1,4-DCB on body weight were examined in female Wistar rats given
1,4-DCB suspended in 2% tragacanth gum solution (a suspending agent obtained from the dried gummy
exudation of Astragalus gummifer) at a dose of 250 mg/kg/day for 3 days. Under these conditions, no
effects on body weight were seen (Ariyoshi et al. 1975). Male and female mice and female rats dosed
once with 600 mg/kg/day 1,4-DCB also showed no discernible changes in body weight (Eldridge et al.
1992). Male rats administered 770 mg/kg/day of 1,4-DCB once a day for 5 days showed no changes in
body weight (Rimington and Ziegler 1963). Pregnant CD rats that were administered 250—

1,000 mg/kg/day 1,4-DCB in corn oil on Gd 6-15 experienced a reversible loss in maternal body weight
(Giavini et al. 1986).

Body weight changes were observed in three studies in rats and mice (NTP 1987). In the first, both sexes

of mice and female rats dosed at concentrations up to 1,000 mg/kg/day for 14 days by gavage
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demonstrated no changes in body weight during the test period. Male rats dosed at 500 mg/kg/day also
showed no changes in body weight; however, a 7-12% decrease in body weight was noted in the

1,000 mg/kg/day dose group. In the second study (same route and duration as the first), male mice
experienced a 13.3% decrease in body weight at the 250 mg/kg/day dose and a 14.7% decrease in body
weight at the 2,000 mg/kg/day dose; however, results of intermediate doses demonstrated that there was
no observable dose-response relationship for body weight changes. Neither male nor female rats dosed
with 500 mg/kg/day showed any effects on body weights; however, a dose of 1,000 mg/kg/day resulted in
a 13.5% decrease in weight for males and a 16.7% decrease in females. In the third study, male rats
gavaged with 0, 25, 75, or 150 mg/kg of 1,4-DCB in corn oil for 7 days showed no changes in body
weight; however, rats dosed at 300 mg/kg showed an approximately 10% decrease in body weight gain
(Lake et al. 1997). The same study in male mice dosed with 0, 300, or 600 mg/kg of 1,4-DCB in corn oil
for 7 days showed no changes in body weight at any dose level (Lake et al. 1997).

In intermediate-duration studies, no compound-related effects on weight gain were noted in albino or
F344 rats administered 1,4-DCB by gavage in corn oil at doses up to 600 mg/kg/day, 7 days/week for

13 weeks (Bombhard et al. 1988; Carlson and Tardiff 1976). Male rats gavaged with 0 or 25 mg/kg of
1,4-DCB in corn oil for 7 days showed no changes in body weight; however, rats dosed at 75, 150, or

300 mg/kg showed an approximately 10% decrease in body weight gain (Lake et al. 1997). The same
study in male mice dosed with 0, 300, or 600 mg/kg of 1,4-DCB in corn oil for 7 days showed no changes
in body weight at any dose level (Lake et al. 1997). Male and female mice and female rats dosed with
concentrations of 600 mg/kg/day 1,4-DCB 5 days/week for 13 weeks also showed no discernible changes
in body weight (Eldridge et al. 1992). In a series of dose range-finding studies, groups of F344 rats were
administered 1,4-DCB at concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil,

5 days/week for 13 weeks (NTP 1987). In the first of these studies, there were no treatment-related
effects on body weight at doses up to 600 mg/kg/day. In the second study, final body weight was
decreased by 11% in low-dose males (300 mg/kg/day) relative to controls; in high-dose males

(1,500 mg/kg/day), the reduction was 32%. The effect was less marked in females (6% reduction at

900 mg/kg/day; 11% reduction at 1,200 mg/kg/day). In parallel studies with B6C3F; mice, no compound-
related effects on body weight were observed after administration of 1,4-DCB at concentrations up to

900 mg/kg/day; however, in the second study, final body weight was reduced in all males receiving
1,4-DCB (11.4% at 1,500 mg/kg/day to 13.9% at 600 mg/kg/day) and in females at 600 mg/kg/day
(10.3%) (NTP 1987).
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In two lifetime oral exposure studies, groups of male and female F344 rats and B6C3F; mice were
administered 1,4-DCB by gavage in corn oil, 5 days/week for 103 weeks. Fischer 344 rats were
administered 1,4-DCB at doses of 150 or 300 mg/kg/day (males) or 300 or 600 mg/kg/day (females);
mice were administered 1,4-DCB at doses of 300 or 600 mg/kg/day (NTP 1987). In mice, no effects on
body weight attributable to treatment with 1,4-DCB were observed at doses up to 600 mg/kg/day. In rats,
body weight gain was depressed by 12.5% in high-dose males (300 mg/kg/day) and by 12.4% in high-

dose females (600 mg/kg/day) relative to vehicle controls.

There were no adverse body weight changes in Beagle dogs (5/sex/level) that were administered 1,4-DCB

by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996).

3.2.2.3 Immunological and Lymphoreticular Effects

1,2-Dichlorobenzene. No studies were located regarding immunological or lymphoreticular effects in

humans after oral exposure to 1,2-DCB.

Immunological function has not been assessed in animals orally exposed to 1,2-DCB. No gross or
histological changes were observed in the spleen, thymus, or lymph nodes of male or female Sprague-
Dawley rats that were administered 1,2-DCB in corn oil by gavage in doses of 300 mg/kg/day for

10 consecutive days or 400 mg/kg/day for 90 consecutive days (Robinson et al. 1991). Gross and
histological examinations of lymph nodes, spleen, thymus, and bone marrow were performed in F344 rats
and B6C3F; mice that were exposed to 1,2-DCB in corn oil by gavage 5 days/week in doses

<500 mg/kg/day for 13 weeks or <120 mg/kg/day for 103 weeks (NTP 1985). The only changes in these
tissues occurred at 500 mg/kg/day in the 13-week study; effects included lymphoid depletion in the
thymus (4/10 male rats, 2/10 male mice, 2/10 female mice) and spleen (4/10 male mice, 2/10 female

mice).

1,3-Dichlorobenzene. No studies were located regarding immunological or lymphoreticular effects in

humans after oral exposure to 1,3-DCB.

Immunological function has not been assessed in animals orally exposed to 1,3-DCB. No gross or
histological changes were observed in the spleen, thymus, or mandibular and mesenteric lymph nodes of
male or female Sprague-Dawley rats that were exposed to 1,3-DCB in corn oil by gavage in doses of

735 mg/kg/day for 10 consecutive days, or 588 mg/kg/day for 90 consecutive days (McCauley et al.
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1995). Spleen and thymus weight was measured in both studies, although only relative organ weights
were reported. In the 10-day study, relative spleen weight was significantly decreased in females at
>368 mg/kg/day and males at 735 mg/kg/day, and relative thymus weight was significantly decreased in
both sexes at 735 mg/kg/day. These changes are not considered adverse because bo